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Preface 


This text was written with a specific course in mind — a second 
course in introductory psychology. As such, it presumes at least one 
semester of prior study in general psychology. 

The point of view basic to the preparation of the text is that psy- 
chology is fundamentally a biological science. The student would 
seldom gain much of a physiological point of view, however, from 
the typical text used in an introductory course in psychology during 
the last decade or so. Although exceptions may be found, a general 
tendency in recent textbook writing for the beginning student in 
psychology has been to minimize treatment of the nervous system, 
action systems, and the specialized senses. Because of this compara- 
tive neglect it is often possible for advanced students to approach 
the study of, let us say, abnormal psychology, with little real knowl- 
edge or insight concerning many structures and functions that will 
be dealt with in the course. It is possible, furthermore, for a student 
to engage in a specialized study of such a topic as motivation without 
any real understanding of basic biological conditions of the organism 
and the drives which they induce. Moreover, there is a terminology 
which is used in many advanced psychology courses which the stu- 
dent can only derive from some consideration of bodily structures 
and related functions. 

One solution to the problem posed by these conditions would be 
to establish a college course in physiology or biology as a prerequisite 
for the study of psychology, but few teachers of psychology would 
be satisfied with the emphasis upon structures and functions of or- 
gans common to most textbooks on physiology and would hold that 
the major emphasis should be upon functions of organisms — in 
other words, that the physiology or biology should be psychologically 
orientated. Furthermore, they would hold that only a part of the tra- 
ditional physiology is germane to a study of psychology. At the pres- 
ent, therefore, it seems desirable to us to provide certain biological 
background information and terminology for the student as a part of 
his introduction to general psychology. It is our hope that the study 
of these subjects will better prepare the student for his later, more 
advanced, studies. 

Since one of the stated purposes of this text is to enlarge the work- 
ing vocabulary of the student, we have believed it expedient to in- 
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clude a glossary. As each significant term is introduced in context, 
whether or not it is explained at that time, it is shown in bold face 
type. Each word so shown is concisely defined in the glossary. 

The authors’ bias toward elementary textbook writing probably 
tatement. Although we feel that 


should be included in this prefatory 
elementary texts should be largely factual in character and should 
forego the satisfactions to be derived from theoretical and controver- 
sial discussions, we occasionally find it impossible to confine ourselves 
to facts or to traditional ways of handling certain topics. The major 
portion of this text is confined to fundamental concepts on estab- 
lished facts in the biological sciences and, as such, has not seemed to 
us to require extensive documentation. When particular theories or 
when new or controversial material has been presented, it has been 
documented by references (see Appendix, p. 435). Occasionally the 
authors have taken the liberty of introducing new interpretations, 
and in one chapter, that dealing with emotional behavior, the treat- 
ment is new and much of it is theoretical. 

Although all authors have participated in the revision and check- 
ing of all the chapters, it is true that where a theoretical position or 
bias was strong, the remaining authors tended to defer to the wishes 
of the author responsible for the original draft of a given chapter. In 
general, M. A. W. was responsible for material related to motivation, 
emotion, and the internal patterns of activity; F. N. J. for the central 
nervous system and total bodily integration; and M. H. J. for sen- 
sation. 

We wish to thank the instructors who have used this text in its 
mimeographed form over the past few years and who have helped 
improve it in many ways. These instructors are Drs. John Helmick, 
Irving Maltzman, John Michael, and John Schwarz. Professor 
H. F. Harlow has read and painstakingly criticized the entire manu- 
script except for Chapter 25 and the glossary. Many improvements 
are due to his suggestions, but any inaccuracies or unusual theoretical 
interpretations remaining in the text are not to be ascribed to him. 
Our thanks are due the authors and publishers who have kindly per- 
mitted us to use illustrations. Appropriate acknowledgement is given 
with each figure. Finally, we must acknowledge our debt to the sev- 
eral thousand students who have been instructed from this text in 
one mimeographed form or another. Their comments have been very 
helpful. 


Los Angeles. Calif. M. A. W. 
March. 1956 F. N. J. 
M. H. J. 
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I | Introduction 


In these days of rapidly increasing interest in psychology, many stu- 
dents dabble in the subject. For most, their study is casual and largely 
motivated by their interest in themselves and in their fellow men. 
Although a sampling of the world’s knowledge is not to be discour- 
aged, this volume is not intended for the sampler. Instead, it is de- 
signed for those of you who, having sampled psychology, have de- 
cided on more thorough study. As such, it has two major purposes: 
(1) to acquaint you with some of the fundamentals of a study of hu- 
man behavior which are usually eliminated, or only briefly treated, 
in introductory courses; and (2) to provide a more adequate vocabu- 
lary for your further study of human behavior. 

The Importance of Vocabulary. The importance of acquirin 
technical vocabulary for your further study of psychology cannot be 


ga 
overemphasized. In the fields of human activity, confusions which 
arise from different interpretations of words produce new problems 
which lead to more words, in turn subject to misinterpretation. Some 
writers believe that many of the world’s ills are basically semantic; 
that is, they arise out of misinterpretation or misuse of words. Still 
others argue that many problems in personal adjustment may arise 
from the same source. It is certain that most of your increasing 
knowledge of human behavior will be derived from words; and that 
knowledge will be used by you and expressed to others in the form 
of words. You must learn those words well if you would be an effec- 


tive student. 

In order to assist you in your mastery of a working vocabulary in 
psychology, each new term with a technical meaning will appear in 
bold face type when it is introduced in this text. It will be shown 
again and concisely defined in the glossary at the end of the book. 

Psychology is usually defined today as the science of the behavior 
of organisms. In other words, it involves a study of what organisms 
do, whether it be thinking, remembering, or moving. It might be 
argued, then, that these activities should be describable in terms of 


verbs and adverbs, but, as one introductory text puts it, 
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“ 


like other sciences, psychology finds it convenient to transform its 
oes into nouns. Then what happens? We forget that our nouns are 
merely substitutes for verbs and start hunting for the things denoted by 
the nouns — for substances, forces, faculties — but no such things exist: 
there is only the individual engaged in these different activities.” (p. 
19 (1)) 

Here, then, is another semantic problem. As you pursue your study 
of psychology, remember that its major subject matter lies in verbs 
and adverbs and suspect all nouns that do not denote parts of or- 
ganisms, acts of organisms, or objects and forces of the environment. 
You will note an attempt to follow that point of view in this volume 
and you may be surprised at some of the new conceptions that result 
and at the sudden meaninglessness of some of the older concepts. 

Specialization in Science. A living animal, especially a complex 
one such as man, displays a tremendous variety of activities. It eats, 
digests, gets about from one place to another, makes and uses tools, 
maintains its bodily temperature relatively constant, and does a very 
large number of things of which these are but a few examples. To 
study all of these activities at once is quite impossible. It is necessary 
that anyone interested in studying the activities of an organism de- 
cide just what aspects of the total he wishes to observe in a given situ- 
ation, and devise techniques which permit the observation of those 
aspects with the greatest possible accuracy and precision. Since it is 
impossible for any one person to command all of the techniques nec- 
essary to study all aspects of activity, individual scientists have come 
to concern themselves with more or less limited kinds of activity, and 
a number of specialized sciences have arisen. Among many of the sci- 
ences, however, there is no natural division, and so interscience spe- 
cialization also occurs. For example, both physical chemistry and 
physiological chemistry are well known to you, and you may have 
heard of such combinations as neurochemistry or geophysics. All of 
these represent areas of investigation which are at a borderline be- 
tween two or more related sciences; and physiological psychology or 
psychophysiology is one of them. 

Physiology and Psychology. With the development of specializa- 
tion among the sciences, there has grown up a rough division of the 
study of the activities of the living animal into several disciplines, 
among which are physiology and psychology. It should be emphasized 
at once that this is not a natural division, but rather, as has been indi- 
cated above, it is a division of convenience. In general, those investi- 
gators who are identified as physiologists have chosen to study activi- 
ties localized within the organism, and to deal with internal systems 


Physiology and Psychology 3 


and changes; thus, physiology is sometimes defined as the study of 
organ and tissue functions. Typical physiological investigations are 
concerned with such problems as the processes of digestion, the chem- 
istry and circulation of blood, and the characteristics of muscular con- 
traction. Psychologists, on the other hand, are more concerned with 
activities which involve the total organism. Typical investigations of 
a psychological nature are studies of learning, of the development of 
personality, or of the effect of motivation. There is, however, no hard 
and fast line between these two fields. Psychologists have sometimes 
studied part activities, such as the neuromuscular activity in a single 
finger, the functions of parts of the eye, or the activity of a few seg- 
ments of the spinal cord; and physiologists have studied such total 
organismic activities as homing in birds and orientation in the bat. 

It is well to keep in mind that the general division of labor be- 
tween the physiologist and the psychologist is partly a methodological 
one. We may expect the physiologist to be competent in techniques 
for the electrical recording of activity in a nerve, the biochemical 
assay of the by-products of nervous activity, or the changes induced 
in starches by the action of digestive enzymes. The psychologist, on 
the other hand, has at his command techniques for measuring learn- 
ing, for assaying ability or efliciency, or for studying other organismic 
behavior familiar to the student who has had a beginning course in 
psychology. But the physiologist sometimes finds it necessary to pay 
attention to psychological controls when dealing, for example, with 
the effects of low oxygen intake on the human subject, or with effects 
of various drugs; and the psychologist must often be concerned with 
sensory end organs, or the physiological changes occurring in such be- 
havior as drug addiction. 

As inevitable outcomes of the different techniques used by physi- 
ologists and psychologists, there have grown up different sets of data 
and different sets of hypotheses to account for them. It may be said 
that if one asks a physiological question, that is, applies a physiologi- 
cal technique, he will receive a physiological answer. Conversely, if 
he asks a psychological question, he receives a psychological answer. 
Although dealing with the same organism, the two disciplines have 
different outcomes. However, the physiologist and the psychologist 
realize that they are abstracting limited aspects of the total activity 
of the organism, and that a complete picture must include the con- 
tributions of both groups. 

Structure and Function. It may help the student to understand 
more clearly the relationship between physiology and psychology, and 
their underlying unity, if he realizes that these disciplines share the 
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same animals for their investigation. Many times psychologists have 
studied rats in mazes or discrimination boxes, and then passed the 
animals on to physiologists who have used them in physiological ex- 
periments. Both groups of experimenters have used them in different 
ways and have usually studied different functions. 

Although the primary interests of both physiologist and psycholo- 
gist are functional, for both study activities, it is necessary for both to 
understand the anatomy of the organisms they study. In the first 
place, a knowledge of structural relationships makes the comprehen- 
sion of functional relationships easier; and very often a supposed 
function may be questioned when no structural relationship can be 
demonstrated. If one does not know the nervous connections by 
which the brain can influence the lining of the stomach, he is likely 
to consider as rather questionable the idea that psychological con- 
flicts can lead to ulcers. But the connections are there. For extra- 
sensory perception (telepathy), however, there are no demonstrated 
structures, and so most psychologists are skeptical of its existence. 

In the second place, structure is studied because it may lead to 
useful predictions of function. At one time, neurology was largely the 
study of structure, and functional relationships were inferred from 
details of structure. Although this procedure cannot be used to the 
exclusion of physiological experimentation, many useful inferences 
have been, and still are being, drawn. The reverse is also true, and 
functional relationships give hints to structural relationships. Thus, 
a careful anatomical study of the nervous connections between eye 
and brain will lead to the conclusion that certain areas at the pos- 
terior end of the brain are concerned with vision. On the other hand, 
the discovery that when a light is flashed into the eye electrical ac- 
tivity may be detected in the posterior region of the brain leads to 
the conclusion that there is some nervous connection between the 
eyes and that region. 

The third reason for interest in structure is that functional 
changes in the organism may lead to structural changes. For example. 
a diet deficient in vitamin D can lead to upset functional relation- 
ships within the body of a child, and result in various deformities of 
structure, the most prominent of which will be bowed legs. Or, a con- 
tinued conflict situation may lead, by changing certain functional re- 
lationships, to structural changes in the stomach, in this case ulcera- 
tion. Another interdiscipline known as psychosomatic medicine has 
grown out of the recognition of such relationships, and we shall dis- 
cuss its relationship to psychology in a later chapter. 
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Physiological Psychology Defined. We may briefly define physio- 
logical psychology as the study of relationships between bodily proc- 
esses and behavior; and, of course, it assumes the possibility of show- 
ing some type of correlation between a given psychological activity 
and some set of physiological activities within the organism studied. 
We find, for example, that visual perception in man is always accom- 
panied by electrical activity in a certain portion of the brain, and 
that removal of this area through operation or injury will eliminate 
the possibility of visual perception. In this one example we can see 
psychological data (the reports of visual perception) , physiological 
data (electrical activity in the brain), and anatomical data (struc- 
ture of the brain) related in a single organic event. No single ap- 
proach completely describes what is going on, and the physiological 
psychologist is interested in all of them. 

The physiological psychologist in a very real sense, then, is con- 
cerned with the whole organism. His interest lies in the reintegration 
of the total activity of the organism and to accomplish this goal he 
must cross the boundary into physiology. In physiological psychology 
the student will find an opportunity to study the living organism as 
a functional unit, rather than as subdivided into physiology and 
psychology. 

The Contributions of Physiological Psychology. The study of 
physiological psychology may be expected to contribute to the under- 
standing of behavior in several ways. In the first place, it leads to the 
realization that an organism which is perceiving or learning is also 
engaged in very complex internal activity, much of which is related 
to the perceiving or learning. It gives a more complete picture of the 
living organism than does either physiology or psychology alone. 

A second contribution made by physiological psychology is an ex- 
tension of the first. Whether interested in the laboratory or the clinic, 
the student must come to realize that the organism is dynamic; that 
is, its internal processes are in constant change and contribute to the 
determination of an ever-changing stream of behavior. The organism 
is not a closed box provided with input and output terminals which 
one may study only by stimulating the input terminals and observing 
the output. Much of what goes on inside the organism is known and 
will help us understand the output and its true relations to input. 
Consider for a moment some examples from psychopathology, where 
toxic and other changes lead to behavioral disorders. Undulant fever, 
low blood sugar level, or syphilis of the brain may bring about be- 
havioral changes which have been treated by psychotherapy because 
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of insufficient information about the physiological changes occurring 
in the patient. i 
In the third place, the psychologist may derive hints from physiol- 
ogy which lead him to propose psychological processes not previously 
known, or to select one or another hypothesis concerning behavior 
on the basis of physiological evidence. For example, one group a 
psychologists, after assaying the deficits in the behavior of monkeys 
after the removal of certain brain tissue, remarked that there . 
psychological category by means of which to describe the loss. This 
leads to the suggestion that there are psychological processes which 
we have not yet isolated. / 


gain, it is possible to reject certain theories 
of pain and of hearing on the basis of physiological evidence, as We 
shall see later. Also, the psychologist has no faith in the doctrine of 
* faculties ” or packaged units of generosity, truthfulness, talkative: 
ness, or friendliness, partly because physiological studies of brain ac- 
tivity fail to demonstrate such isolated functions. In the last analysis, 
one may expect psychological and physiological concepts to be com- 
patible. 

The Development of Physiological Psychology. Physiological psy- 
chology developed out of physiology over 100 years ago. The inter 
est of certain physiologists in the sense-organs led to experimentation 
on their functions and gradually it became obvious that such a study 
also involved problems not regarded as physiological in nature, such 
as the set or expectancy of the subjects, or previous practice. Other 
physiologists became interested in the functions of the brain and 
their experimentation required some attempt at a description of be- 
havior. Over the years this need to describe and classify behavior and 
behavior defects due to brain damage has come to demand more 
precise techniques. A field of study gradually developed which was 
no longer pure physiology and which led to experimental psycholog 
and some of its specializations. 

As early as 1874 a textbook was published by a G 
gist named Wundt which was actually entitled Principles of Physio- 
logical Psychology, and which brought together what was known at 
the time regarding sensation, response, brain function, and many 
other topics which we still study. It is impossible to draw the line 
which separates historically the preliminary physiological work from 
the psychological, just as we find no cle 
two parent sciences today. Much ex 
Weber, Fechner, and Helmholtz pre 
text and still fills a significant pl 
kinds of research in physiology | 


erman physiolo- 


ar-cut distinction between the 
perimental work by such men as 
ceded the publication of Wundt’s 
ace in modern psychology. Other 
ave also been important, such as 


Plan of the Text 7 


studies of the cell initiated by Schwann, studies of reflex action by 
Sherrington and his followers, and the development of the doctrine 
of evolution following Darwin. All of these contributed knowledge 
and furnished powerful tools which we shall find indispensable in 
our attempt to understand the behavior of organisms. 

Plan of the Text. In the first paragraph of this chapter it was 
stated that one of the major purposes of this text is to acquaint you 
with certain of the fundamentals of a study of human behavior. We 
are interested, of course, in what organisms do — so we must study 
muscle action. But to understand organismic action we must know 
the manner in which it is initiated and altered; therefore, we must 
study the functions of the sense organs and must discover all we can 
about the many conditions that influence activity. This, of course, in- 
volves a study of the functions of the nervous system, of many glands 
of the body, and of many chemical and physical conditions that alter 
the activities of nerve and muscle. 

We have attempted to organize the text so that each chapter de- 
velops logically from those preceding and draws upon the material 
already learned. In so far as is possible, the book is organized as a 
single unit and any material which is skipped is likely to make later 
study more difficult to comprehend. 

It should be pointed out, perhaps, that on many topics opinions 
differ, as is to be expected in any active field of scientific endeavor. 
The student should be prepared to find that other courses in psy- 
chology present different opinions and, also, that as new knowledge 
accumulates conclusions must be changed. But the basic point of view 
of this text is that a consideration of the physiological events related 
to behavior will better enable us to understand behavior itself. We, 
therefore, consider physiological psychology an important aspect of 
all fields of psychology. 


Suggested Readings 


1. Morgan, Clifford T. and Stellar, Eliot, Physiological Psychology. New 
York: McGraw-Hill, 1950, Chap. I. 

Loucks, R. B., The Contribution of Physiological Psychology,” Psy- 
chological Review, Vol. 6, 1941, pp 105-126. 
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Darwin's theory of evolution and Schwann’s cell theory gave tre- 
mendous impetus to the development of the biological sciences. Both 
of these theories suggested that insights into the complex nature of 
man could be gained by studying other animals, even those which 
consist of a single cell. Although the results of such studies always 
must be verified by direct observations on man, they contribute 
much to our understanding of human structure and function. 

In the years before the dissection of human cadavers became a gen- 
eral practice, most of man’s knowledge about his own anatomy was 
inferred from dissections of other animals; and the field of compara- 
tive anatomy is still an important contributor to scientific knowledge. 
Of greater significance for the lives of each of us is the field of com- 
parative physiology because so much of what is known in medicine. 
or applied physiology, has been learned from investigations carried 
out with infrahuman animals. Psychologists also make frequent use 
of simpler animals in order to unravel some of the complexities of 
human behavior, and the field of comparative psychology is an im- 
portant one which should not be neglected by the student w 
understand his own behavior and that of his fellow men. 

This text will make frequent use of the comparative 
only because physiology itself is so largely comparative in nature, but 
because it is often more effective to illustrate behavior by using ani- 
mals simpler than man. In fact, by considering the activities of a 
single cell, such as amoeba, we may gain a relatively simple view of 
some of the fundamental characteristics of all animals, including 
man. This is possible because man and most other forms of 
life are multicellular organisms whose v 


ho would 


approach, not 


animal 
arious parts together demon- 
strate all of the characteristics of single-celled org: 


ganisms. 
The differentiation of cells for special activities or functions is one 
of the most f 


ascinating subjects in the study of evolution. The 
some specialization of function even in 


celled organisms show even more, 
hair-like cilia in parame 
its environment. 


re is 
amoeba, and other single- 
such as the development of the 
cium by means of which it moves about in 


Such specialization is within the single cell, how- 
ever, and only in multicellular organisms does one find true cellular 
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differentiation. Here certain cells become highly specialized for cer- 
tain kinds of functions, such as nerve cells or muscle cells, although 
they still retain many of the characteristics of the separate single- 
celled organism. When these differentiated cells are grouped in a 
similar fashion and serve a similar function, they are known as tissue; 
and when different tissues combine in a given structure, they are 
known as an organ. Physiology often is defined as the study of the 
functions of organs and organ systems (Chap. 1); but physiologists 
do not confine their attentions to such groups of cells and much of 
what they know about organic functions has been learned initially 
through studies of single cells (cytology). Psychologists also must oc- 
casionally direct their attention to single cells and, in this text, we 
shall have occasion to learn something about nerve cells of different 
sorts and about muscle and gland cells. First, however, let us con- 
sider the functions of the relatively simple and undifferentiated cell 
— amoeba; and learn something of the properties of the material of 
Which it is composed — protoplasm. 

Characteristics of Protoplasm. Since protoplasm is the matter of 
living cells, let us think in general terms and consider amoeba as a 
representative or relatively undifferentiated protoplasm. Even here, 
however, considerable differentiation occurs. Among the differen- 
tiated subcellular structures the one of most interest to students of 
Psychology is the cell membrane which encloses the rest of the cellular 
protoplasm (i.e., the cytoplasm) , since it is somewhat specialized for 
the three important functions that have most to do with adaptive be- 
havior — irritability, contractility, and conductivity. 

You know from your own experiences that man is sensitive or ir- 
y changes known as stimuli. 


ritable to certain kinds of physical eners 
For animals other than man, we infer irritability when the animal 
Consistently does something, or reacts, following a given kind of 
stimulation, These reactions need not be openly observable, or overt, 
but may be occurring within the organism, i.e., be covert, and be 
detectable only by specialized instruments. Let us first consider the 
Overt reactions of amoeba. 

If this tiny organism be observed under a microscope and various 
Sorts of stimuli applied, we shall see that two general kinds of reac- 
tion occur. One is away from the stimulus object and may be called 
an avoidance response. The other is toward the stimulus object and 
May be called an approach response. Since avoidance responses occur 
almost invariably to localized pressures, to electrical currents, to 
marked changes in temperature, and to acids, we say that protoplasm 
is Irritable to certain forms of mechanical, electrical, thermal, and 
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chemical stimuli. Since approach responses toward food and other 
particles occur only at times, we do not conclude that protoplasm is 
generally irritable to such particles. Instead we say that under certain 
circumstances such particles become effective stimuli for approach 
reactions — in this case, food taking. Such observations have been 
conducted under highly controlled conditions where it can be ascer- 
tained that no change in the external environment is responsible for 
the occurrence or lack of occurrence of approach reactions. We con- 
clude, then, that some change in the protoplasm itself must account 
for the variability of these approach responses. We reason that an in- 
ternal change must afford the condition under which a particle of 
matter acquires stimulus value, or that another kind of change sets 


FIG. 2.1. Movements of amoeba away from stimuli. A pscudopod is pro- 
duced on side opposite point of stimulation by a needle. 


the condition under which the same particle is ineffective in eliciting 
reaction. From such a conclusion, it is but a short step to the infer- 
ence that changes within the organism must also account for the ab- 
sence of avoidance behavior in the presence of stimuli which ordi- 
narily elicit it. We shall have much to say later about variability of 
behavior in man and other animals, but here it is seen in probably 
its simplest form. 

In addition to viewing the cell membrane of amoeba as the proto- 
type of specialized sensory or receptor cells in man, we also may con- 
sider it as the prototype of specialized muscle and nerve cells. Fig- 
ure 2.1 shows what happens when amoeba is stimulated with a needle. 
We sce that the avoidance reaction occurs in a series of coordinated 
phases, which involve a relaxation of the membrane within a limited 
area opposite the site of stimulation and increased tension or contrac- 
tion of the membrane in the area of stimulation. The result is an 
extension of a portion of amoeba, known as a pseudopod or false-foot, 
and a pulling of the remainder of the cytoplasm away from the 
stimulus. Motility in amoeba is accomplished by altern 


ate contrac- 
tion and relaxation of the cell membrane and re 


lated structures, 
whereas in man and other more complex animals it js accomplished 


by muscle cells which have become specialized for contraction. 
The first marked change in the cell membrane (Fig: 21) is onthe 
side opposite from that stimulated, which leads us to the third im- 
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portant property of protoplasm — conductivity. It is now known that 
the stimulus sets up an electrochemical change in the membrane it- 
self which is propagated throughout the membrane in all directions 
from its source, much as the nerve impulse is propagated along a 
nerve cell. Whether or not this change is qualitatively the same as the 
nerve impulse in man, the cell membrane may be thought of as a 
conductor and as the prototype of nerve cells which have become 
Specialized for conduction and thereby for the integration and co- 
Ordination of organismic activity. 

Other properties of protoplasm seem to involve the whole cell. Al- 
though future investigations in cellular physiology may result in at- 
tributing some of them to particular portions of the cytoplasm, we 
Shall not discuss speculations concerning these possible relationships. 
It is important for us to know, however, that some of these prop- 
erties are demonstrated by every living cell in our bodies and that 
some of them have much to do with the manner in which we behave. 
Four of these properties are: metabolism, secretion, elimination, and 
growth. 

Metabolism may most simply be described as the process of life it- 
self. It involves the taking of food, oxygen, and other materials: the 
digestion of food with the aid of various substances which are elabo- 
rated within the cell (which serves to illustrate the property of secre- 
tion); the assimilation of digested foodstuffs and their utilization for 
energy expenditure through the process of oxidation; the elimination 
of undigested matter and the excretion of other waste products of 
Metabolism; and the recovery or repair of the cell after work or in- 
jury, When the cell is quite active and a relatively large amount of 
nergy is being expended, a state of catabolism is said to predomi- 
nate; whereas, during periods of rest and recovery, a state of anabo- 
lism predominates. These two processes in metabolism should not be 


thought of as mutually exclusive for both are continuous and co- 
existent in the living organism; so the term “ predominates " should 
be remembered when they are used. 

The property of growth, although shown by all protoplasm, is not 
Well understood, In man and other vertebrates (see Chap. 15) it is 
related to certain chemical secretions, and its termination probably 
'S related to the development of other secretions. 

Another important characteristic of protoplasm is reproductivity 
peie Along wiri certain aspects of metabolism, best serves to dif- 
ies „ and nonliving matter. We may produce machines 
8 oe e conductivity, and motility in such a 

at they are somewhat adaptable to their environments. 
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They may be made to produce certain agents that are needed for 
their operation and to eliminate waste products of their work; but 
they do not repair and restore their parts after damage and, more 
significant perhaps, they do not reproduce their own kind. In other 
words, we can artificially create most of the properties of protoplasm 
but we cannot (at the present, at least) create a living cell. 
Reproductivity is unique among protoplasmic char: 


acteristics for 
still other reasons. For one thing, in most multice 


llular organisms it 
involves not only cellular differentiation but two remark 
of specialized cells — the male and female ge 
the reproductive function of 
altered without modi 


able forms 
rm cells. Furthermore, 
protoplasm is the only one that can be 
ng the functional integrity of an organism 


growth be excluded also, 
each of the remaining propertie 
turn our attention, then, 


and, if the property of it may be said that 
s is necessary for life itself. Let us 


) to some of the conditions Which make life 
possible — to some of the needs of protoplasm 


Needs of Protoplasm. When we consider 
plasm, or the needs of man, it is important to rer 
is a concept that always implies some 
not mean that we must ascribe ‘ 


the needs of proto- 
nember that “need 
goal, Purpose, or end. This does 


5 ae 8 Purpose ” to amoeba. It means only 
that, if amoeba is to continue vin r $ 5 
: 8 as a living Organism, certain conditions 


are necessary. These conditions we speak of as ‘ 
metabolism is the life-process itself, 
be related to metabolism. Some of tl 
all animal protoplasm are liste 


“needs”; and since 
most of these needs 
1e major phy 
d in the 


are seen to 
siological needs of 
following tabulation: 


Some Major Needs of Anim 

Foods — largely carbohydrates, fats 

Catalysts and other metabolic 
salts, and enzymes 


al Protoplasm 


and proteins 
agents — oxy, ' 
Bents — oxygen, water, certain mineral 
A certain range of temperatures 


Periods of rest from activity — for restoration of functior 
ns 


Elimination — of heat and other deleterious Products of 
s of me 


. - tabolism 
and ingestion 


Protection from injury — from certain chemical 


: in mechanical or elec- 
trical conditions, or from extreme temper 


atures 

Organismic Function. Later, in a more detailed study of 4152 

A s f motiva- 
tion (see Chap. 20), we shall see that the 81 s 

I j Physiological në 

A including th 

the present, let us consider only briefly what 

of its needs, for one of the fundament 


se 
eds are 
at of man. For 
amoeba does 
al Principle 
living organisms act to satisfy their needs. If the 


the basis for much of animal behavior 


about some 
s of biology is that 
Y do not do SO Suc- 
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cessfully they die, hence do not reproduce their kind and, therefore, 
are known to us only as extinct forms. 

Some of these acts or processes of need-satisfaction take place solely 
at a physical level and are thought of mainly as physical properties of 
cells. They involve an exchange of matter between the external en- 
vironment and the cell through its membrane and are controlled 
largely by physical conditions on both sides of the membrane. For 
example, as oxidation occurs in the cell, two of its by-products, heat 
and carbon dioxide (CO,), will accumulate and momentarily make 
the cell out of balance with its environment. Since the cell is a physi- 
cal object, however, it will lose heat and CO, to the surrounding en- 
Vironment until temperature and CO, pressure are approximately 
equalized on both sides of the membrane and a state of balance or 
equilibrium is attained. 

In these equilibratory exchanges between cell and environment the 
cell membrane plays the controlling role. It is selective of what may 
“semipermeable ’) and 


Pass through it (and hence is spoken of as 
this selectivity varies with the internal condition of the cell and the 
Nature of the environment. 

Most of the substances which are found in solution within living 
cells are known as electrolytes because they tend to form ions carry- 
ing positive or negative electrical charges. Differences in ionic con- 
centration may occur on the two sides of the cell membrane. This is 
the basis for the properties which we have called irritability and 
Conductivity (see Chap. 3) and leads to the property called con- 
Wactility, 

Let us turn now to other activities of the cell and suppose that as 
CO, has accumulated within the cell we have arranged to increase it 
in the external environment. Now the cell could not lose this product 
to the environment, or it might even acquire more from the environ- 
ment if our artificial increase has been greater than that occurring 
Within the organism as a result of its own catabolic activities. What 
Would happen? The answer is probably one of the most interesting 
that students of biology have ever found, for it serves to explain so 
Much of the behavior of organisms. The cell would demonstrate in- 
Creased motility which would continue until another more equable 
environment had been discovered or until the functions involved in 
motility began to fail and, given no adequate change in environment, 
death followed. This increased motility or reactivity of the organism 


PRA a 8 ie Pee 12 
, preceded, of course, by conductivity and by irritability to the 

stin ita aaa 5 511 ; 
‘ulus situation of increased carbon dioxide. It will occur when- 
eve 


r the functi i "i j i idi 
functional integrity of the organism depends upon avoiding 
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some stimulus or stimulus condition if the organism is irritable to 
that condition. It may be seen in newborn human infants or in any 
organism which has not learned specific ways and means of satisfying 
its needs, of adjusting to its environment — i.e., of re-establishing a 
state of equilibrium. 


Consider now the qualifying phrase in the above paragraph, “ I£ 
the organism is irritable to that condition.” This implies that organ- 


isms are not irritable to all conditions that are harmful to them, and 


this we know to be true. A study of the sensory equipment in man 


shows that there are many harmful conditions that we cannot know 


directly because we possess no receptor cells that are irritable to those 
conditions. For example, we are not directly aware of a need for 
oxygen, but are led to search for more adequate air only when CO. 
tension increases in our body cells and, therefore, in our blood. Cells 
that are sensitive to increased CO, tension take care of us rather well 
in our ordinary environments, but they do not help the high-altitude 
aviator, who has to be told when to put on his oxygen mask. It is 
obvious, however, that animals which live to reproduce their kind 
are irritable to most of the external or internal stimuli that would 
destroy their lives or interfere with their part-functions. 

Such harmful stimuli are sometimes called noxious. We experience 
them as uncomfortable or painful 


and sometimes we even just call 
them “ irritating.’ 


In man, as well as in amocha, they usually lead to 


avoidance reactions; and we say that man and amoeba need to elimi- 


nate or reduce these stimuli. Remember, however, that the word 
“ need ” is only conceptual — only a way of thinking about certain 
conditions — and that it is the stimulus conditions themselves that 
elicit behavior, given the proper organismic conditions. 

When these stimulus conditions or unlearned irritating states are 
internal we refer to them as need states, or usually simply as drives, 
and we are less likely to regard the resulting behavior as avoid 
havior than when the stimulus is external. We already h 
tioned approach reactions in connection with the food-t 


of amoeba; it should be pointed out also that some 


ance be- 
ave men- 
aking response 
of our approach 
responses operate to remove the stimulus condition. Consider, for 
example, the approach of a male dog to a tree and the act of micturi- 
tion which usually follows. Although the initial beh 


avior is an ap- 
poach response, the total behavior pattern cert 


ainly has the effect of 
avoidance; it results in reduction or removal of the stimulus condi- 
e bladder). We 


elimination: but the 


tion — of the drive (in this case, sensations from th 
may think of a need for, or a drive toward, 
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Most significant observation is that the resultant behavior removes 
the internal stimulus condition. 

We have already mentioned the need-satisfaction character of be- 
havior, but we often prefer to think in terms of drive-reduction or 
stimulus-reduction. An even more useful concept in some instances 
is equilibratory behavior, and some psychologists prefer the term 
“adjustive behavior.“ The latter terms are quite broad, of course, 
and have the advantage of encompassing not only the purely physical 
exchanges that occur at the cell membrane, but also behavior of the 
Variety we demonstrate in trying to win a football game. Regardless 
of the specific terminology employed in a particular discussion, it is 
possible to interpret all organismic behavior and internal part-func- 
tion as though it were directed toward obtaining and maintaining a 
State of equilibrium, physically, physiologically, and psychologically. 
We then may consider external stimuli and internal drives, along 
With other physical changes affecting single-celled or multicelled Or- 
ganisms, and speak of all as disequilibrating factors or conditions. 

It is important to remember, however, that physical equilibrium is 
Not identical with physiological equilibrium and that neither is the 
exact counterpart of psychological equilibrium. We shall reserve un- 
til later any further discussion of psychological equilibrium, but a 
Major distinction between physical and physiological equilibrium 
should be pointed out now. A set of scales in balance is in physical 
equilibrium and demonstrates no motion or activity except at a 
Molecular level. A living organism may be in physical equilibrium 
With its environment and may be overtly immobile, but the process 
Of metabolism continues and we shall see later that in complex or- 
Sanisms the activity of many parts is involved. We must think, then, 
of Physiological equilibrium as involving a kind of balance among 
these functions. Two ways of referring to different aspects of this 
State should now be considered. One is known as functional integrity; 
the other is called homeostasis. 

Maintenance of Functional Integrity. When we examine a living 
animal we observe that one manner in which it differs from a non- 
living object is in its ability to maintain a reasonably constant func- 
tonal relationship with its surroundings. Indeed, to survive at all, a 
living animal must stay in relative equilibrium with its environment. 
W hen the difficulties of the new environment become too great, this 
equilibrium is upset, and death results. A freshwater fish, for exam- 
ot Paa to moderate changes in the saltiness of the water in 
e i S. Beyond a certain point, which depends on the given 

sh, equilibrium cannot be maintained; the fish loses water 
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from its body cells to the environment and dies. Under one set of 


conditions, the fish was obviously alive, ie., 
tional integrity; under the other se 


could maintain its func- 


t of conditions it was obviously 


dead, i.e., irreversible chemical changes had taken place which did 


not represent the maintenance of equilibrium 


and which interfered 


with the integrated functions of its organs. 


It will be seen at once that being alive is 
term which we apply to bodies which disp] 
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the organism Possesses a unique homeost 
tive of the general state of affairs. Some 
gist Bernard recognized that const 
is necessary for free and independe 


determines the range of environme 


nearly constant. 


Unfortunately it is very easy to slip into the 
Ostasis as an explanatory term. Does the blood 
stant specific gravity? Homeostasis is responsible! Is 
temperature relatively constant? Homeostasis maint 
ter to think of homeostasis as a concept derived from 


nts in which ite 
for example, lies one of the secrets of the 
mals compared to reptiles. The m 
its internal processes constant. It is 
anism because it can maintain internal te 


ammal is Detter 
a more efficient home 


an active process. It is a 
ay the property of main- 
taining functional integrity and 
does not refer to a thing or en- 
tity, life,“ Possessed by the ols 
ganism. This is why we prefer 


to use the active form, living. 
rather than the noun, life. The 
Properties of the living organ- 
ism are functional properties: 
This will make it clearer why: 
in later chapters, the term 
“emotional behavior“ will be 
Preferred tg À emotion,” and 
EG perception. 
Homeostasis, The physio- 
this mainte- 
nance of equilibrium has come 
to be known as 
This te 


n perceiving á 
logical aspect of 


homeostasis. 
rm does not imply that 
atic Property, but is des Yip- 
years ago the great physiolo- 


ancy of the internal environment 
nt life, 
of the organism to maintain its intern 


In other words, the ability 
al processes relatively constant 
an survive. Here, 
greater efficiency of mam- 
able to maintain 
Ostatic mech- 
Mperature so much more 


error of using home- 
tend to have a con- 
a man’s internal 
ains it! It is bet- 
the facts of rela- 
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tive constancy and as being a convenient descriptive term for use in 
referring to a very large number of such facts, rather than as an ex- 
planatory principle. 

A further point is that specific mechanisms, or patterns of mechan- 
isms, will be found to underlie different homeostatic functions. An 


example of a homeostatic function 


; . * 2 
which depends upon a biochemical + 
basis is the clearance of lactic acid 
from the body of man. When lac- 

x +1 


tate is injected into a vein, equi- 


librium is gradually restored by 

elimination through the kidneys. — 
The curve in Figure 2.2 shows the p 

time course of this disposal process. 


lt will be seen that a gradual re- 
turn to a normal level is achieved 
by the organism. Another example 
is that of water ingestion following 
deprivation in the dog. Here the 
balance is restored over a short pe- 


Water Replacement 


riod of time, as is shown in Fig- nat 
ure 2.3), 

Limitations of Homeostasis. 
Homeostasi is not perfect and or- F 
Sanisms differ in their homeostatic 
Mechanisms. Our previous exam- 
ple of the effect on a fish of in- zeil 
; 0 6 12 18 

Minutes 


casing the saltiness of the water 
around it also implied that there FIG. 3- Water replacement in 
Sa limit to the organism's ability the dog after deprivation. (After 
to maintain itself. Virtually any Adolph.) 

homeostatic mechanism has its lim- 

Its. A man exercising in the hot sun will have a rise in internal tem- 
perature. The density of fats within the body can be changed by 


changing diet. Despite the tendency for blood volume to be restored 
“Xploring the 


When blood is lost, it is possible to bleed to death. 
limits Of various homeostatic mechanisms is an Important task for 
Physiology, 


Homeostasis and Psychology. In the above lactic acid example, 
lochemical mechanisms were suflicient to restore balance and the 


adjustment is, therefore, almost entirely in the realm ol physiology. 


zut the water Ingestion example involves more than this. Vo restore 
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water balance, the organism must go into action, that is, behave, and 
we have arrived at a situation which often is discussed in elemen- 
tary psychology under the heading of “thirst drive.” Of course, 
nearly any physiological disequilibr 


ation might lead to behavior 
even if the behavior were of the 


variety of drinking sodium bicar- 
bonate or going to see a physician. 
It is apparent, therefore, that the 


psychologist as well as the physt- 
ologist has a concern with 


the maintenance of physiological equi- 
al processes are insufficient to re-establish 
equilibrium, the total organism may be se 
rium restored behaviorally, This is especially characteristic of man, 
and behavior often intervenes even before the physiological processes 
have been called into great action. For example, shivering and con- 
striction of the skin blood vessels will help maintain internal tem- 
peratures when the air is getting chilly, 
or building a fire, and these | 
former have had much effect, 

Man, in particular, may restore equilibrium 
ways. Putting on a coat or building a fire illustrates overt manipula- 
tion of the environment at a very simple level, but some hour: 
justments involve complex skills and the actual learning of these 
skills may be considered as an e Process. Adjustment may 


ay in which we regard the 
results of successful psycho- 


librium. When physiologic 


t into action and equilib- 


but so will putting on a coal. 
atter acts are likely to occur before the 


in many different 


quilibratory 
also come through a reorganization of the w 


world, as might be exemplified by the 
therapy. We say that the situation has acquired a new meaning for 
the patient, or that he perceives it differently, or that he is reoriented. 
or that he has accepted a new set of goals. This wil] 
in changes in behavior, but is descriptively differe 
a-drink or putting-on-a-coat sort of adjustme 
internal readjustment appears to be large 
may involve the organism almost totally 


of course, result 
nt from the taking- 
nt. Although this kind of 
ly symbolic in character, it 


s including physiological ad- 
justments within the viscera. 


‘The maintenance of equilibrium is illustrated more fully in Chap- 
ter 20 on motivation. In the meantime, we should keep in mind that 
the organism may restore equilibrium by internal physic. 
and physiological changes, by reacting to change the *tenal é 
vironment, or, especially in man, by undergoing a 1 
thought processes which in turn modify overt behavior, 

iy . — 
is the end-product of the operation of certain mechanisy 
ological goal which works backward in time to de 


al, chemical. 


ganization ol 
Equilibrium 
is, not a tele- 


termine bodily ac- 
tivities. Equilibrium is achieved when the organism 


PoOssesses ade- 
. hani 5 r receives adec uate assis 
quate internal mechanisms Or receive | USSISTE, 


ance. 
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The Integration of the Organism. The fact that the whole or- 
ganism may appear to go into action under certain circumstances im- 
plies that some means of integration must exist. It is true, of course, 
that many physiological functions ordinarily involve in some way the 
entire organism. Indeed, one group of scientists adheres to a concept 
of “ organismics ” which implies the primacy of the organism-as-a- 
whole and which considers the activities of any part to be meaning- 
less unless related to the whole. It is often pointed out that the prop- 
erties of wholes cannot be predicted entirely from part properties 
alone. In chemistry, for example, the properties of water (H,O) can- 
not be predicted from the properties of hydrogen (H,) and oxy- 
gen (O) which combine to form it. Extreme forms of this view 
postulate supernatural organizing principles to account for organis- 
Mic integration, Such an approach serves only to mask the extreme 
complexity of the part activities going on within the organism; it fails 
utterly to account for those cases where integration fails; and it is of 
little use in the practical situation where control of the activities of 
the organism, both internal and external, must be accomplished by 
Manipulating the condition of a relatively small part of the organism. 

It is more fruitful to consider neither part nor whole activities as 
being more real, but, rather, as scientific data, as depending upon the 
Method of observation. It is possible to study the organism on any 
level of analysis which one wishes. The study of a single nerve fiber 
is neither more nor less laudable than the study of the behavior of 
the whole organism. The guiding principle here is that the level 
chosen depends on the problem at hand and cannot be arbitrarily de- 
Aided in advance on the basis of a preconceived philosophical system. 
Yo take an extreme example, it is probably not necessary to examine 
& subject’s legs for varicose veins when using him as a subject in an 
experiment on night-vision. On the other hand, in the same experi- 
Ment, it would be very desirable to have some knowledge of the sub- 
W ä status: hse any given 8 must 

purpose of the investigation and fit our analysis to that 
8 a This point of view already has been partly expressed in the 
discussion of physiology and psychology, where the division between 
the two disciplines was found not to be a real or sharp one. 
a esr of Integration. The integration of function in 
80 i F arama, such as the amoeba, is a relatively simple proc- 
cell 3 is e largely through the properties of the 
by direct n ial Sargas 995 3 or integrated 

al activity in the cell itself. 


Such an arra i 
> an arrangeme. 5 z * 1 i 
a sement is not adequate for the integration of the 
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activities of a complex organism, however, and highe 


r organisms have 
developed two general w 


ays in which integration is achieved, One is 
chemical and involves the transport of subs 
culatory system. An example of this is the 
into the intestine as a response to 
the pancreas through the 

Secretin is released from the 


tances through the cir- 
release of pancreatic fluid 
a substance, secretin, that reaches 
blood stream from the small intestine: 
intestine when acid food enters from the 
stomach. Here, a fairly complex integration has been shown to be 
largely chemical. Chemical changes within the body underlie many 
important activities (see Chap. 15 
to alterations of over-all 
personality. 


) and certain changes may give Sor 
activity of the variety which might be called 
The second great integrating System is the 
is the primary mechanism for 
The various extensions of the 


Nervous system and this 
coordinating rapid, precise activity: 
nervous system reach virtually all parts 
of the organism and bring these parts into relationship with one al 
other, Very dramatic failures of integration follow the separation of 
a part of the body from the bulk of the Nervous system, If the nerve 
going toa given muscle is destroyed, as it Might be in infantile paraly- 
sis (anterior poliomyelitis) , the muscle Not only fails to respond as a 
part of the total organism, but also Withers ay 
cord is completely severed, there is no contro 
body below the cut and integration fails. These examples demon- 
strate the dependence of the $ ‘ele 
Era = ps 5 ganism-as-a-whol 
upon specific connections atid make more ib 
ae 2 5 . $ js 
telligible the necessity for avoid al concepts of organismit 
unity. They indicate, also, that we must know somethine about the 
nervous system if we are to achieve ¢ 7 


l any understanding of organismi¢ 
behavior. 
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3 | Conducting Cells and 
Nerve Action 


We have considered the basic life processes found in single-celled 
organisms. Now we shall be concerned with one of those functions. 
Conduction, as it occurs in multicellular organisms. In many-celled 
Organisms, it will be remembered, the cells which form the organism 
show specialization for one or another function. The type of cell 
Which is specialized for conduction is called a neuron; therefore, our 
task in this chapter is to consider the properties of neurons and the 
meaning of these properties for an understanding of behavior. Before 
Considering neurons, however, it will be necessary to outline very 
briefly the evolution of the integrative mechanism and to introduce 
a few terms needed for later discussions. 

The Development of Nervous Integration. Even single-celled or- 
Sanisms may contain specialized structures for conduction and con- 
traction (Chap. 2). Paramecium is a good example of such an or— 
Sanism, since it contains conducting fibers within its cell contents, as 
Well as cilia, which are highly specialized locomotor hairs on the sur- 
lace, Possessing these structures, paramecium displays a promptness 
and precision of movement not possible for the less well-endowed 
amoeba. As the many-celled organisms evolved, total cells, rather than 
Parts of cells, became specialized for these functions. The first spe- 
alized cells to evolve were contracting cells and are to be found in 
the Sponges. These cells form rings of tissue around the pores and 
Serve to close them when struck by, say, a piece of sand. Since these 
Cells themselyes perform the activity, they are called effector cells or 
effectors. In this case, the effector cells are specialized for contraction 
and are called muscle cells (cf. Chap. 5), but the general term 

effector ” is also applied to glands. The first step, therefore, is the 
development of effector cells which, because there are no specialized 
fonductile cells, respond only when directly stimulated. For this 
titres a dene T ee 5 since 

place to place within the organism, and 
One small group of effector cells may respond to stimulation without 


o eee alt 
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affecting the activities of the rest of the animal. Obviously, 755 i 

crease in efficiency would result from the development of conducti 

cells, so that the organism might respond in a truly integrated eae 
taken in certain of the coclenterates, 


This next step is partly body 
$ 8 . x $ b. 
which the sea anemone is a typical example. In this animal, the 


FIG. 3.1. Steps in the evolution 
tor cell, A, evolved first, the coml 
separate receptor and connec tor, 


of the receptor e 
dined receptor-c¢ 
C, appeared last. 


fector relationship. The 9 0 
NNector cell, B, next, and th 
(From Parker. ) 

wall contains cells which are highly sensitive to ee 
send fiber processes to effector cells located betw 
Here a single cell is specialized for both irrit 
A cell specialized for irritability is called a 
cialized for conduction is called a connec 
possesses receptor-connector cells, since 
functions. 

‘The separation of receptor and connector cells ha 
the jellyfish, which are also coelenterates, The je 
specialized for conduction only, called conne 
that form a net-work which pervades every 
with no concentration of nervous tissue 


act and which 
een the body walls 
ability and conduction: 
receptor, while one spe- 
tor; thus the sea anemone 
they are Specialized for both 


S taken place in 
llyfish possess cells 
“tor or association cells: 
portion of the animal, 
at any Particular point. Be- 
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cause of its appearance, such an arrangement is called a nerve-net. In 
the nerve-net, there is no polarity of conduction; that is, an impulse 
Started at one point is conducted in all directions, despite the fact 
that the net is composed of separate neurons. In spite of this limita- 
tion, the swimming activity of the jellyfish, which involves the entire 
animal in an integrated manner, clearly demonstrates the tremendous 
importance of a specialized conducting system, These progressive 
steps — effector alone, effector plus receptor-connector, and finally 
are illustrated in Figure 3.1. 


receptor, connector, and effector 
Subsequent to the develop- 

ments which are outlined 

above, the evolution of con- 


f : : ndrit 
ducting tissues has involved re- Dengnies 
lationships among cells, rather 
than changes in the conducting 
cells themselves. Whereas it is i bod 
5 Bate 8 Cell bo 
characteristic of a nerve-net j 
that there is no accumulation 

: : ; Pate T a Nucleus 
of cells in any one region, high- 
er organisms have nervous 
“centers,” that is, accumula- 
tions of interrelate >urons 
ns of interrelated ne Axon 
Which serve to integrate the ac- 
tivities of the organism. We 
shall be concerned in Chapter 
4 with this latter aspect of 
e eee Terminal 
eee s evolution. arborization 
Jeuron: Pri 7 ruc- : i 
he Neuron: Pr imary Str ue: FIG. 3.2. Diagram of a “ typical” neu- 


ture. A neuron is shown dia- ron, showing the main parts. 

Lrammed in Figure 3.2 and is 

Seen to consist of three major subdivisions: one or more dendrites, 
4 cell body, and one axon. The most prominent difference between 
an unspecialized cell and a neuron is the possession by the neuron of 
the fiber processes (dendrites and axon), which permit a single cell 
to extend over a considerable distance“ In a tall man.)for example( a 
Single neuron may be over 6 feet in length, extending all the way 
from the big toe to the base of the skull. Despite this leneth, neurons 
are microscopic in diameter. Cell bodies range between 4 and 135 


microns in diameter (a micron is one thousandth of a millimeter) , 


While axons are between 1 and 20 microns in diameter. OF course, 
Most neurons are shorter than the ones referred to above and many 
Of them extend less than a millimeter. ) 
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In addition to the typical neuron diagrammed in Figure 3.2, there 
are many other types, some of which are shown in Figure 3.3. Neu- 
rons are often classified according to the number of fiber processes on 


© Dendrite 
i) 
Axon 
Axon Dendrite 
A 


B C 


FIG. 3.93. Three types of neuron: (A) monopolar, (B) bipolar, (C) multi- 
polar. (From Buchanan.) 


them; thus neuron “A” in Figure 3.8 is called unipolar because 
there is only one process, ncuron “ B ” is called bipolar, and neuron 
' C” is called multipolar. 

The Neuron: Accessory Structures. Neurons are associated with 
accessory tissues which serve to support and nourish them, the partic- 
ular structures depending upon the location of the neuron. Outside 
the central nervous system (the brain and spinal cord), neurons are 
ordinarily found in nerve trunks, or more simply termed, nerves. 
The bulk of these peripheral nerves (“ peripheral” in this case 


ENDONEURIUM 


NERVE PERINEURIUM 
FIBERS 


EPINEURIUM 


FIG. 3.4. Cross section of a nerve, 


showing the separate nerve 
fibers which 


are contained in it. (From Best and Taylor. a) 


means outside the central nervous system) is supporting tissue rather 
than active nervous lissue;;one should distinguish carefully between 
the term nerve, which refers to the total structure including both 
supportive and neural tissue, and the term “ nerve fiber,” which re- 
ree pore p of a single neuron, Figure 3.4 shows a cross- 


Closely adherent to some but not all nerve fibers may be found 
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either one or both of two accessory structures, the myelin sheath and 
the neurilemma. The myelin sheath is shown in Figure 3.5 and con- 
sists primarily of a white fatty material which gives the characteristic 
appearance to the so-called white matter of the central nervous sys- 
tem. The gray matter consists of cell 

bodies and those nerve fibers that 

are unmyelinated. Myelin is some- 

times thought to act as an insulator —jyycLeus 
and reduce the effect of adjacent 
nerve fibers upon each other. 

The neurilemma is a thin layer 
of living cells which may surround 
peripheral but not central nerve fi- 
bers. When we discuss the regenera- 
tion of cut or crushed nerve fibers, 
the importance of this distinction 
between central and peripheral 
nerve fibers will become apparent. 
If we consider all of the possible 
combinations of neurilemma and 
myelin, we find that there are 
four — neurilemma alone, myeline 
alone, both present, and both ab- 
Sent. All of these possible combina- 
tions occur: central fibers may or 
may not be myelinated, but never 
have neurilemma, while peripheral 
fibers may or may not be myelin- 
ated, but characteristically have 
neurilemma. 

The Neuron: Regeneration. An , 
ânimal, such as man, has at birth its FIG. 3.5. A motor gaan showing 
full complement of neuröiis ndnd the iP oe paria, T he i nucleus 
new ellen are en wari F DI in the ¢ ate re ers to the nucleus 

yu y 1 of a neurilemma cell, not of the 
duced This inability of neurons to neuron. (From Best and Taylor.) 
reproduce themselves is shared with 
other highly specialized cells, such as muscle cells. It contrasts with 
the ability of some cells, e.g., those of the skin, to produce more cells 
— are destroyed (when a cut heals, for nie Sade or to 
oe za cells continually. It follows that if the cell body of a 
This ie 1 k estroyed. no replacement of the loss can ever take place. 
1e case with anterior poliomyelitis (infantile paralysis) which 


NEURILEMMA 
MYELIN SHEATH 


AXIS CYLINDER 
NODE OF RANVIER 
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destroys the cell bodies for the neurons which send axons to skeletal 
muscles.) Any improvement in function, such as might result from 
exercise in warm water, must arise from the strengthening of those 
muscle cells still served by neurons and not by the restoration of lost 
neurons. 

(If a nerve fiber is crushed, cut, or otherwise damaged, while the 
cell body remains intact, the situation sometimes is more hopeful.) 
Under these circumstances most nerve fibers which are provided with 

neurilemma will regenerate; therefore, most peripheral nerve fibers 

will regenerate but central fibers, which always lack neurilemma, will 

not. The restoration of function depends upon whether or not the 

regenerating fibers grow back through the old neurilemma tubes of 

the cut nerve, where the cut axons have degenerated. This is ordi- 

narily accomplished by sewing the nerve together where it has been 

severed so that the regenerating fiber will eventually reach the mus- 

cles and receptors formerly served by the nerve. This is a fairly slow 

process, since about 1 millimeter per day is a fair average for the re- 

growth of a cut fiber. 

È The Neuron: Embryonic Origin. Itis now generally agreed that 

all neurons in vertebrate organisms arise from the neural tube, which 

forms from the outermost layer of cells in the embryo. As the embryo 

grows the sensory and motor neurons elongate and establish con- 

nections with receptors and effectors, and association neurons form 

the pathways which lie within the central nervous system, or CNS, it- 

self. It is not entirely clear why a given neuron should grow in a 

particular direction rather than in another, but we may assume that 

the direction of growth is determined by the biochemical environ- 

ment of the growing fiber. Attempts have been made to explain 

learning in terms of neuron growth and we shall have occasion to con- 

sider this topic in a later chapter. 

The Nerve Impulse: Introduction. It has been known for some 
time that the nerve cells are specialized for conduction, but only a 
little over 100 years ago it was generally thought that the impulse 
was so rapid as to prevent measurement. After Helmholtz had meas- 
ured the speed of conduction in both frog (about 7 meters per sec- 
ond) and man (120 meters per second maximum), it became obvi- 
ous that the nerve impulse is comparable neither to the conduction 
of light and electricity (300,000,000 meters per second), nor of 
sound (331 meters per second in air). Even the fastest impulses in 
man are slow compared to the speed of modern 
of us could run faster than the slowest impulses ( 
second). Although these spe 


airplanes and many 
about 0.7 meters per 
eds are sufficient reason in themselves 
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for giving up any attempt to explain conduction in terms of electrical 
circuits, as in a wire, there is now considerable evidence which sug- 
gests a different type of explanation and leads to the conclusion that 
the nerve impulse is propagated by the progressive spread of electro- 
chemical changes localized primarily in the cell membrane. 

The Nerve Impulse: Electrical Evidence. Most research upon 
the nerve impulse is now accomplished by recording the electrical 
changes occurring as an impulse passes. In order to understand the 
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FIG, 3.6. Cathode ray oscilloscope used as a sensitive galvanometer for re- 
cording nerve potentials. The potential changes are amplified and appear 
on the screen of the cathode ray tube as changes in the elevation of a rap- 
idly sweeping spot. (From Erlanger and Gasser. b) 


Meaning of the results so obtained, it is necessary to have a clear con- 
ception of what is being recorded. 

Fundamentally, the electrical method depends on the fact that an 
active tissue will show an electrical potential different from that of 
an inactive one. If we attach a delicate meter, designed to measure 
very small changes in electrical potential (voltage), to a resting nerve 
liber it will be found that all points along the fiber are neutral to one 
another. If the fiber is excited, the point which is active at a given 
Moment, that is, which the impulse is passing, will be negative as 
Compared to the rest of the fiber. Figure 3.6 shows diagrammatically 
Such an apparatus. Only one electrode need be attached to the fiber, 
and the other may be grounded elsewhere on the organism being 
Studied. The potential-recording device, or galvanometer, is the criti- 
cal part of the apparatus and only the development of modern elec- 
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tronic devices has made possible the full realization of the potentiali- 
ties of the method. 

Figure 3.7 illustrates a typical potential curve from a single nerve 
fiber conducting an impulse. One may identify the spike potential, 
the negative after-potential, and the positive after-potential. The 
relative duration of each of these three sections of the curve has been 
found to depend upon many factors, such as the chemical concentra- 
tion of the surrounding medium and the extent of previous activity. 


Response 


Negative 7 
after potential Positive 
/ after-potential 


10 20 30 40 50 60 70 80 
Time (milliseconds) 


FIG. 3.7. Action potential of a “A” type fiber. 
(From Gasser.) 


Closely related to the potential changes will be found changes in 
the excitability of the fiber. If the threshold of excitability, i.e., the 
lowest energy that will elicit a nerve impulse, 
of electrical stimulation, it is possible to dr 
Such a curve is shown in Figure 3 


is measured by means 
aw a curve of excitability. 
8. During the first portion of the 
spike potential no current, no matter how strong, will excite the fiber 
and this period is called the absolute refractory period. Its duration 
is 1 to 10 milliseconds, depending on the particul 
the maximum number of times that a given fiber can be excited in a 
second will range from 100 to 1000. During the remainder of the 
spike potential, the fiber may be excited only by a suprathreshold 
shock. This is called the relative refractory period and is two to three 
times as long as the absolute refractory period. Follow 
is a period of superexcitability for the duration of the r 
potential, which may last several times as long as the relative retrac- 


tory period and during which shocks of somewhat subthreshold 
magnitude may elicit a nerve impulse. Finally, 


mal excitability period occurs during the positi 


ar fiber, and thus 


ing this there 
negative after- 


a prolonged subnor- 
ve after-potential. 
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; These changes in excitability associated with the passage of nerve 
impulses have considerable importance in our understanding of nerv- 
ous function, Not only must they be accounted for by any satisfactory 
theory of conduction, but, also, they impose certain limitations on 
hypotheses concerning nervous system functioning which involve the 
action of nerve fibers. One example will suffice. An early theory to 
account for the perception of pitch suggested that each fiber in the 


+10% 
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10 20 30 40 50 60 70 80 
Milliseconds 
xcitability of a nerve fiber after the passage of 


FIG, 3.8. Changes in ¢ 
B is the rela- 


an impulse, expressed as percent of original excitability. 
tive refractory period, C the supernormal period, and D the prolonged 
subnormal period. The absolute refractory period immediately precedes 
B. (From Gasser?) 


auditory nerve carried impulses with the same frequency as the 
Sümulating sound wave. This would require (Chap. 11) that each 
fiber should be capable of carrying impulses at the rate of 20,000 
cach second, But this is impossible. If the most rapidly recovering 
fibers require a millisecond to pass out of the absolute refractory 
Period, they cannot be stimulated more often than once every 1/1000 
second, or 1000 times per second, Thus, the theory fails because it 
requires nerve fiber functioning which we know to be impossible. 

The Nerve Impulse: Chemical Events. Although the local chemi- 
cal changes, which must be taking place during the passage of a 
Nervous impulse, cannot be observed directly, it is possible to demon- 


Skit e n i 
Te the utilization of oxyge 
dioxide ie i ed $ 

ide, and the production of minute amounts of heat. As is the 


n by active nerves, the release of carbon 


that om — peripheral nerves are able to run an oxygen debt, 
herd a a ie conduct impulses for a time in the absence ol oxygen 
a oe extra amounts after the oxygen is restored. This 

cate that oxygen is utilized during the recovery phase. 
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rather than in the conduction of the impulse, and this will be seen 
to be compatible with the discussion of the nerve impulse in a later 
section. Central nervous tissue, however, cannot accumulate an oxy- 
gen debt and, therefore, is very vulnerable to asphyxiation. For ex- 
ample. infants who become entangled with the umbilical cord during 
delivery, and, therefore, are without an oxygenated blood supply 
for an extended period of time, may show destruction of central 
nervous tissue and a consequent reduction in intelligence. Fortu- 
nately, infants are very much more resistant to asphyxiation than 
adults, so that the risk is not as great as might be expected. The 
extra sensitivity of the central nervous system (CNS) to oxygen 
lack is due to the higher metabolic rates of the cell bodies and struc- 
tures at junctions between neurons. The CNS fibers are similar to 
peripheral nerve fibers in their metabolism. 

The exact chemical events during the passage of and recovery from 
the nerve impulse are not known. No doubt certain complex phos- 
phorus compounds such as phosphocreatine are involved since the 
impulse is associated with a breakdown of this substance and since it 
is resynthesized during the recovery period. Also, radioactive phos- 
phort 


s has been found to diffuse more rapidly into active than into 
inactive fibers. The energy source in peripheral fibers is not com- 
pletely known, but we may be confident that the activity of the brain 
is maintained primarily by the oxidation of glucose, or blood sugar. 
The behavioral symptoms, ranging from lassitude to coma, which 
may result from an abnormally low blood sugar level serve to em- 
phasize the importance of understanding the chemical basis of nerv- 
ous activity. 

The Excitation of Nerve Fibers. The magnitude of a nerve im- 
pulse does not depend upon the magnitude of the stimulus initiating 
it. This fact is formalized by the so-called all-or-nothing law, which 
states that a fiber responds to the limit of its capabilities, or not at all. 
The stimulating ener: 


y must exceed a certain value, or threshold, in 
order to excite the fiber, depending upon the particular fiber in- 
volved. A fiber may be stimulated by many kinds of stimuli, among 
them pressure, chemicals, and electricity; but in quantitative re- 
search the use of electricity is universal, since mild electric currents 
do not injure the tissues and precise control of intensity and dura- 
tion is possible. 

The effect of an electrical stimulus on a nerve fibe 
the polarity of the current. The cathode (nee: 
ulating, the anode (positive) is not. 


r depends upon 
tive) electrode is stim- 
If a brief shock is applied, too 
weak to initiate a nerve impulse, a local excit 


atory process may be 
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observed. This consists of a shift in membrane potential confined to 
the region of the stimulating electrode. This process may actually 
increase alter the stimulus has ceased, indicating that it is an active 
response of the fiber. If the local excitatory process is of sullicient 
magnitude, a propagated disturbance, the nerve impulse, results. The 
magnitude of the resulting impulse is not affected by the magnitude 
of the local excitatory process, once the threshold has been exceeded. 
The magnitude of the local excitatory process, however, is related to 
the strength and duration of the stimulating current. 


0 10 20 30 40 50 60 70 80 90 
Milliseconds 


FIG, 3.9. Showing the A and C components in a 

mixed nerve potential (there is no B component in 

this example). (From Gasser.) 
Summation of the effects of two rapidly successive brief subthresh- 
old shocks can be accounted for by the persistence of the local ex- 
Cllatory process. The effect of the second shock sums with the local ex- 
Citatory process invoked by the first stimulus and the threshold of 


the nerve impulse may then be exceeded. 

The Speed of the Nerve Impulse. As mentioned earlier, the fast- 
= Nerve impulses in men travel at a rather modest pace, specifically, 
about 120 meters per second. It must not be imagined, however, that 
all nerve fibers conduct at this rate. Ifa peripheral nerve is stim- 
ulated and the resulting impulses recorded at a distance from the 
Point of stimulation, it will be found that a wide curve of potential 
change This curve, an example of which will be 


will be recorded. 
ound 


pi in F igure 3.9. represe 
tential c ae é „ 8 
ential changes attributable to the impulses in individual fibers. 
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he wide extent in time shown by the total curve must indicate that 
e * . 


nts the summation of the individual 


10 arious nerve impulses started along individual fibers of the 
Tve ETE ats ` 
by the stimulus have not all reached the recording point at the 
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same time and, therefore, have traveled at different rates. Careful 
measurement reveals that the range of speed is quite great, the fastest 
impulses traveling at 120 meters per second, the slowest at 0.7 meters 
per second. It may further be observed that it is possible to group the 
impulses and, hence, the nerve fibers responsible for them into three 
large groups. These are called A, B, and C, with type A fibers con- 
ducting most rapidly, and type C most slowly. Table 3-1 has been 


Table 3-1. Properties of A, B, and C Fibers of 
Peripheral Nerves 
[Modified from Brink. 10 


A B Cc 


Diameter, in microns 20-1 Less than 3 Any unmyelinated 


Conduction speed, meters | 100 to less 14 to less 


25 less than 2 
per sec. than 5 than 3 


Spike duration, milliseconds 0.4-0.5 1.2 2.0 


Negative after-potential dura- 12828 None 50-80 
tion in milliseconds 


Positive after- tial - 
ositive after potential dura 40-60 100-300 
tion in milliseconds 


300 to more 
than 1000 


worked out to summarize some of the properties of these different 
types. 

The Processes in the Nerve Impulse. We have considered the 
electrical changes observable as an impulse passes along a nerve fiber 
and have said something about the grosser chemic 
must now consider in more detail what happens in a single fiber as 
the impulse sweeps along it. As implied by the all-or-nothing law, the 
conduction of an impulse is a function of the fiber itself — it supplies 
the energy for conduction, much as the energy for the passing of a 
fire along a fuse is dependent upon the burning of the material of 
the fuse itself. In general, there are three things which need account- 
ing for: (1) the changes occurring in th 
passes; (2) the manner in which an 
next region, so that the impulse tr: 
processes involved in recovery. 

‘The most generally accepted view is that conduction depends upon 
the cell membrane. The nerve fiber 


al changes. We 


e nerve fiber as an impulse 
active section of fiber excites the 
avels, or is propagated: and (3) the 


membrane displays what is 


e measure the electrical poten- 
tial across the membrane, an Operation which 


known as a membrane potential. If w 


can be performed 
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directly in the giant axon of the squid, we find the outside is positive 
in relation to the inside of the cell. In a typical neuron, this potential 
18 about 50/1000 volt. If our measurement is continued as the neuron 
is stimulated, we find that as each impulse passes this potential is 
reversed momentarily — in fact, we shall observe the same electrical 
changes that we have previously discussed. Apparently, therefore, we 
can account for the electrical phenomena of the nerve impulse by 
assuming them to be the result of changes in the polarization of the 
cell membrane. Our next task is the filling in of the important 
details. 

The membrane potential in the resting neuron is maintained by 
What has been called the “sodium pump.” Some chemical mech- 
anism, requiring oxygen, constantly pumps sodium ions outward 
through the membrane. Since sodium ions are positively charged, 
the outside of the membrane becomes positive in relation to the in- 
side, The nerve impulse consists in a breakdown of this polarization, 
With a sudden flow of sodium ions toward the inside of the mem- 


brane and, incidentally, a leakage of potassium ions from the fiber. 
sstablished in its polarized state, the 


Ihe membrane is rapidly re 
Period of complete potential reversal corresponding to the absolute 
refractory period. 

The passage of the impulse along a fiber involves the propagation 
Of the breakdown of polarization. ‘I his is probably accomplished by 
local flows of charged particles (ions) , in other words, by local electri- 
cal currents. Figure 3.10 shows how this is accomplished. At a given 
Mstant, the impulse is at a given place along the membrane. This 
Place is negative on the outside in relation to the adjacent mem- 
brane. Asa result, there is a local flow of current as indicated by the 
little arrows and this is apparently sufficient to set into action chemi- 
cal events which lead to the breakdown of the membrane potential in 
the next region of the membrane, and so on and on along the fiber. 
Immediately after the passage of the impulse, the chemical structure 
al the membrane is re-established, the sodium pump returns to ac- 
et, and the membrane potential is reconstituted. No doubt this 
requires chemical work and involves oxidation, but the details have 
not been worked out. 

Wann ofa liber involves the local reduction of the mem- 
18 5 ir toa critical point, the threshold. If the reduction is 
ai NAR old, no impulse results, although ney suc h subthresh- 
“the e ira summate, as we have seen in a previous paragraph. 
TE hin nits state is thus explained by membrane theory as a 

5 ocal shift in the membrane potential. Since such a shift 
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tends to persist for an instant, and since it also tends to spread a short 
distance along the fiber, both temporal and spatial summation are 
readily accounted for. 

Nervous Fatigue. Although it is often stated that nerve fibers do 
not show fatigue, this is not strictly true. The refractoriness of nerve 
fibers after the passage of each impulse limits the number of impulses 
which may be initiated per second and, thus, at least a minimum of 
recovery time is assured. The longer continued and the more Ire- 
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REFRACTORY, EXCITED ` 
PERIOD REGION 


FIG. 3.10. The membrane potential in a longitudinal 
section of a nerve fiber. As the impulse passes, the mem- 
brane becomes completely permeable, and there is a lo- 
cal flow of current as indicated by the arrow (it is con- 
ventional in neurophysiology to indicate flow from 
positive to negative). The potential is reconstituted 
after the impulse has passed. (From Best and Taylor.) 


quent the stimulation, the more slowly a fibe 
fore, the fewer impulses per second it will carry. In the intact organ- 
ism, however, other structures associated with action will fatigue 
sooner than nervous tissue, so nervous fatigue is not the controlling 


factor. The student is also cautioned against thinking that the“ men- 


tal fatigue ” which follows, for example, a bout of studying calculus is 
directly and primarily dependent upon the fatigue of individual 
nerve fibers in the brain. Such is almost certainly not the case. 

The Synapse. In a nerve-net there may be continuity of tissue 
from neuron to neuron. In the more complex animals such as man 
there is little doubt that neurons are separate. It is apparent that if 
one neuron is to cause another to conduct a nerve 
must be some point of functional contact be 
of functional contact is called a synapse. 

Synapses ordinarily occur between the 
the cell body or dendrites of another 


r will recover and, there- 


impulse there 
tween them, Such a point 


axon of a neuron and either 
but it is an over-simplification 
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to think of this relationship as involving one branch of one axon and 
one cell body or dendrite, much as one telephone wire connects to 
the next. In fact, the terminal arborization of a given axon provides 
many branches which may end upon a number of adjacent neurons, 
or provide several terminations on a single neuron. Figure 3.11 shows 
the cell body and parts of the dendrites of a cell from the spinal cord, 
and it will be seen that there are very many synapses on even the one 
cell. In some cases, as in Figure 3.12, the axons of many fibers may 
entwine with the dendrites of others, forming a dense mass of fibers. 


FIG. 3.11. Synapses on 
the cell body and den- 
drites of a motor neuron 
in the spinal cord. (From 
Best and Taylor. 12) 


Functional Properties of the Synapse. It has already been indi- 
cated that neurons affect each other at places called synapses. At 
Synapses there is a discontinuity of structure, that is, the neurons are 
Separate structures. The presence of synapses in a nervous system im- 
Parts certain properties to it which would not be present in a con- 
tinuous system. One of these synaptic properties is synaptic delay. It 
requires slightly more time for an impulse to pass across a synapse 
than to run along an uninterrupted fiber. Another property is in- 
creased susceptibility to drug action. This probably results from the 
absence of myelin near the synapse, which permits readier access of 
drugs to the axon. 

Ihe most important property of the synapse from the point of 
view of integrated activity is its characteristic one-way conduction, so 
a impulses may pass from one axon to the next dendrite or cell 
ody, but not in the opposite direction. It is the synapse, therefore, 
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which imparts the dromic character to nervous activity, that is, estab- 
lishes the normal direction of conduction. This property is not shown 
by individual nerve fibers, which will conduct antidromically as well 
as dromically. So the interposition of synapses between neurons is ol 
the utmost importance. 

Since the structure of one neuron is not continuous with the next, 
it is necessary to consider the 
manner in which an impulse in 
one can initiate an impulse in 
the second. Two general theo- 
ries have been proposed, one of 
which states that transmission 
across a synapse is basically elec- 
trical in nature, When the wave 
of negativity which is part of the 
herve impulse reaches an axon 
terminal, it is thought that the 
potential difference then exist- 
ing across the synapse is sufi- 
cient to depolarize the mem— 
brane of the subsequent neuron 
and, therefore, give rise to a 
herve impulse in this second 
neuron, 

The second theory proposes 
that transmission across a syn- 
apse is primarily chemical in na- 
ture. Nervous activity of at least 


FIG. 3.12. Intertwining nerve fi- 
bers in the cerebellum. (From cretion of | | as 
Kuntz.) a substance KNOWN 


acetylcholine. This leads to the 
suggestion that acetylcholine may provide the means by which one 
neuron causes the next to discharge. The 
posed to secrete this substance, Which the 
the next neuron. The liberated acety 
by the enzyme cholinesterase. It ap 
indeed the case in certain peripher, 
pute has arisen concerning the 
them. 


some synapses involves the se- 


axon of one neuron is sup— 
n leads to the discharge of 
Icholine is removed very rapidly 
pears that chemical mediation is 
al synapses, but considerable dis- 
correct interpretation for most of 


In any case, it is exceedingly unlikel 
cross a synapse. Summation will be 
tail. It is well to note here, howeve 


y that a single impulse will 
discussed later in greater de- 
r, that the complexity of even the 
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most simple types of connection results in part from the necessity of 
precise timing of impulses in order to permit conduction to the post- 
synaptic neuron. 

It should be noted that synaptic relationships may show one of 
two varieties of functional influence, excitation or inhibition. In- 
hibition (i.e., reduction or elimination of response) is not solely a 
synaptic property; but some synapses produce an inhibition of the 
Post-synaptic neuron rather than its excitation. The importance of 
this point will become evident in Chapter 16. 

Effects of Parallel Fibers. Although the influence of one neuron 
on another is most obviously exercised through synapses, it is likely 
that nerve fibers lying parallel to each other in, for example, a nerve 
trunk have some effect on each other. Since the nerve impulse in- 
volves an electrical field, it is not surprising that the passage of an 
impulse in one fiber should change the excitability of other adjacent 
fibers.? Where neurons are tightly packed, as they are in the central 
Nervous system, it is possible that the discharge of groups of neurons 
synchronously may depend on some such mechanism. As will be 
Seen later (Chap. 19), we have to take account of the effects of adja- 
cent fibers on each other when we consider the theoretical possibili- 


ties of brain action. 

The Neuron and Behavior. Understanding the functioning of 
the neuron is basic for the development of an adequate account of 
organismic functioning. On the theoretical level, since it is the func- 
tioning of neurons which underlies all nervous integration, a com- 
Plete physiological psychology should explain how the billions of neu- 
rons, each obeying the all-or-nothing law. combine to give the smooth, 
Continuous adjustment characteristics of complex living organisms. 
Furthermore, and of practical importance, knowing how various 
Conditions affect the functioning of neurons permits us to predict 
the effect on total behavior of these same conditions. When we con- 
Sider the action of the central nervous system we shall again consider 


the problem of the neuronal basis of behavior. 
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4 1 ntroduction to the 
Central Nervous 
System 


In the preceding chapter we defined 
(CNS) as the brain and the spinal cord. The term “ central ” is an 
extremely apt one, since there is no function of the normal adult 
human which is not influenced by the action of the CNS and which 
does not in its turn influence the action of the CNS. The CNS is, in 
a very real sense, the integration center of organismic function. As 
evidence of the truth of this point one may cite the growing body of 
neurophysiological results which indicate the fries relationship 
between the CNS and bodily activities, 
may cite the field of psychosomatic 
the fact that many, perhaps all, 
formation of skin ra 


the central nervous system 


As a practical example, one 
medicine, which is based upon 
bodily Processes, C. g., digestion, the 


n r shes, and heart action, may be influenced by 
thoughts and anxieties, that is, by central nervous patterns 


It will be well to emphasize at once that the CNS does not fulfill 
this important role in integration by virtue af any mysterious of 
unique property. The basic Property of central neurom 1 e me 
as that of peripheral neurons, that is, conduction, B 
the CNS are interrelated in extraordinarily complex ways and there 
are so many of them that it is not Possible for ys a 
neurologist to understand the action of the CNS in terms of the con- 
tribution of each separate neuron, except in very ORRE terms- 
Fortunately for our discussion, the central neurons Bac 

5 


: m to have rather 
tions. It is possible, therefore, to discuss the functions of ticular 
part of the brain rather than of the Myriad neurons 5 15 ae the 
elements of that structure. Nevertheless, the ultimate 1 p a init 
is still the neuron, and central neurons conduct ne „„ 
are essentially the same as those in Peripheral] ne 

Thus, it is readily apparent that the 
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ut the neurons of 


the student or the 


up themselves 
consistent func- 


into various structures which see 


rve impulses which 
Urons. 
functions of the CNS must 
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depend largely upon its relationships to other bodily structures and 
upon interrelationships among its own subdivisions. The CNS has 
the properties of an amazingly complex control box provided with 
input circuits, output circuits, and many internal links. The input 
circuits are the afferent neurons, feeding messages into the CNS as 
the result of energy changes both in the external environment and 


Epidural space 


Dura mater Dorsal arachnoid septum 


Ligamentum flovum 
Dorsal horn of gray matter 


Subdural space 
Arochnoid 


Subarachnoid cavity Ventral horn of gray maner 


Pia mater. Denticulate ligament 


Dorsal root 


Ventral root 


artery 


7 Vertebral veins 
entroal and dorsal 
rami of spinal neve Romus 

communicons 
FIG. 4.1. Cross section of the spinal cord lying in place in the spine. (From 
Smith and Copenhaver.*) 


Within the tissues of the organism itself. The output circuits are the 
ellerent fibers, leading impulses from the CNS to the effector mecha- 
nisms, the muscles, and glands. And of great importance are the 
Internal links, the association neurons within the CNS itself, which 
Serve to sustain and correlate the activities of the entire organism. 


Basic STRUCTURE OF THE CNS 


The frontispiece shows a middle line section of the skull with 
le CNS in place. It will be noticed that the CNS lies within the 
Athy three membranes, or meninges (sing. menix). Starting 
es p „ the bone, these are called the dura mater, arach- 
Weh te = Ai a They are important in supporting the CNS, 
nia 1 7 5 ery soft, and they also enclose the cerebrospinal 

. athes the entire CNS. Ihe meninges and cerebrospinal 
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fluid do not have conducting or integrating functions of their own, 


but rather serve to Support and nourish the cells of the CNS itself. 


It will be seen from the figure that the junction between spinal cord 


and brain occurs approximately at the base of the skull. This bound- 
ary is nota sharp one and the distinction between brain and spinal 
cord is somewhat arbitrary, 

In very primitive ancestors of the vertebrates and in embryos of 
all vertebrates, including those of man, the C) 
lying near the surface of the b 


S is basically a tube 
ack. All of the evolutionary claboration 
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FIG. 4.2. Median section through cerebellum and brain stem. The num- 
bers 1 through 6 surround the cerebellum. The term “corpora quadri- 
gemini” refers to both superior and inferior colliculi. (From Jackson.) 


which occurs never completely obscures this origin, and the adult 
CNS is hollow. In the spinal cord this Opening is almost obliterated: 
but in the brain it persists as several large chambers called ventricles, 
all filled with cerebrospinal fluid. In cases of hydrocephaly, often 
seen in institutions for the feeble-minded, these ventricles become 
much enlarged and the surrounding tissues are 5 
resulting in great disturbances in behavior. 
The Spinal Cord. The cross section of the 
Figure 4.1 shows its characteristic structure, with columns of white 
matter on the outside, the “ butterfly“ of gray matter on the inside. 
The white matter consists of conducting tracts of myelinated nerve 
fibers. The gray matter consists of cell bodies and unmyelinated fiber 


everely damaged, 


spinal cord found in 
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terminations. This arrangement is basic in the CNS and only in a 
few places is it reversed so that the gray matter lies to the outside. 
Such a place is called a cortex, and will be described in a later 
paragraph. 

The spinal cord is connected to the periphery through 31 pairs of 
spinal nerves. Each spinal nerve (with one exception which is not of 


FIG, 4-3. Phantom of left corpus striatum within the cerebral hemisphere. 


(From Krieg.) 


importance at the moment) joins the spinal cord through two roots, 
ç! dorsal root, which may be identified by the swelling to be seen on 
It (the dorsal root ganglion) , and a ventral root. With only a few 
€Xceptions, the fibers in the dorsal roots are afferent and have their 
Cell bodies in the dorsal root ganglia. The ventral roots are efferent 
and contain fibers which have their cell bodies within the gray matter 
Of the cord. Injury to a dorsal root will affect sensation, while injury 
toa Ventral root will affect movement. 
Ihe two general functions of the spinal cord can be inferred from 
Structure. One is the conduction of impulses upward to higher 
V˙JVH o'! 
tivities at all! 1 5 pes pe > i f 8 very seri 
he N eve s, and its imtereipuon 18, 0 ner po 255 serious. 
ithin ne 5 is a reflex one, associated with pide made 
Sy aba ate i matter) : We shall have much more to 
nin Chapter 16. 


Ww 
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The Brain Stem. ‘The brain stem consists of several structures 
shown in Figure 4.2. If we proceed upward through the brain stem, 
we encounter first the medulla. Internally, the medulla looks very 
much like the spinal cord and its functions are similar — conduction 
and reflex coordination. Here we encounter for the first time the 
cranial nerves. A cranial nerve is one which arises from the brain 
itself. For easy reference, Table 4-1 shows the cranial nerves, their 
places of ori 


gin, and their most important functions. 


Table 4-1. Summary of the Cranial Nerves 


No. Name Origin Primary Functions 
I Olfactory Olfactory bulb Afferent for smell 
II Optic Diencephalon Afferent for vision 
III Oculomotor Midbrain Afferent and efferent to all eye 


muscles except two 
IV Trochlear Midbrain Afferent and efferent to one 


eye muscle 


V Trigeminal Pons Afferent from skin and mucous 
membranes of head and from 
chewing muscles 

Efferent to chewing muscles 
VI Abducens Pons Afferent and efferent to one eye 
muscle 
VII Facial Medulla Afferent from taste buds of an- 
terior 3; of tongue 
Efferent to muscles of face and 
salivary glands 
VIII Acoustic Medulla Afferent from the inner car 
(hearing and balance) 
IX Glossopharyngeal Medulla Afferent from throat, rear of 
tongue, and taste buds © 
Posterior 4 of tongue 
Efferent to throat and one 
salivary gland 

X Vagus Medulla Afferent from throat, viscera, 

and larynx 
Efferent to viscera 
XI Accessory Medulla Efferent to viscera (via Vagus) 
throat, larynx, and neck and 
shoulder muscles 
XII Hypoglossal Medulla Affere 


nt and efferent to tongue 
muscles 
Just above the medulla on the dorsal side of the 


5 Drain stem will 
be seen the cerebellum. The cerebellum has 


an internal organization 
and contains our first ex- 
atter forms a rind or bark 


very different from that of the medulla 
ample of a true cortex, that is, the gray m 
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over the surface. The cerebellum has important functions in the 
coordination of movement (Chap. 18). > 

On the ventral side of the stem, opposite the cerebellum, the pons 
is found. Internally, the pons represents a continuation of the me- 
dulla, but on the surface the protrusion caused by the mass of fibers 
crossing from one side of the CNS to the other can be seen. 

The next higher structure is called the midbrain, which is inter- 
nally very similar to the medulla and pons. On the dorsal surface two 
pairs of small swellings may be seen. These are the superior and 
inferior coliculi. Often they are referred to as the tectum — in nam- 
ing tracts leading to or from this region the adjectival form tectal ” 
is always used. The colliculi are important visual and auditory reflex 
centers, 

The highest portion of the brain stem is the diencephalon. Ven- 
trally this consists of the hypothalamus, which is an extremely im- 
portant structure for visceral responses. Dorsally we find the thala- 
mus, which is closely related to the cerebral cortex. Although the 
thalamus has other possible functions to be considered in Chapter 19, 
its importance as a sensory relay station must be mentioned here. 
With the exception of olfaction, all senses synapse in the thalamus on 
the Way to the cerebral cortex. For each sense will be found special 
Nuclei in the thalamus, and these will be noted when the senses are 
discussed in later chapters. The fibers from thalamus to cerebral 
Cortex are called projection fibers and the areas to which they go 
in the cerebral cortex are called projection areas. 

The Cerebrum. The cerebrum or cerebral hemispheres consists 
Of two parts. Figure 4.3 is a phantom view showing one of these, the 
Corpus striatum (or corpora striata, since there is one on each side) . 
The corpora striata are very important in helping maintain posture 
and muscular balance. They will be encountered again in Chapter 18. 

The other portion of the cerebral hemispheres is the cerebral 
cortex. This, our second and last, cortex is by far the more complex 
and important and an entire chapter (Chap. 19) is devoted to it. 
Suffice it to say here that it represents the highest level of coordina- 
tion and control in the CNS. and to indicate the major subdivisions 
Which will be mentioned in our discussions of the senses in later 
Chapters, Figure 4.4 shows a lateral and a medial (midline) view of 
ths cerebral hemispheres, with the names of the lobes shown. The 
Surface of the cortex is folded, the ridges being called gyri (sing. 
n » the grooves sulci (sing. sulcus). Two important landmarks 
en the lateral surface are the central sulcus, dividing the frontal 


and pariet 5 i 8 k 
lot parietal lobes, and the lateral fissure, setting off the temporal 
Ie. 
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Frontal 
lobe 


FIG. q.g. A dia- 
gram of the later 
al surface of the 
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the two hem 
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Encephalization. The term ence 
50 general that it requires introduct 
It 8 to the fact that, during the course of evolution, the parts of 
the CNS most rostral are the ones which show the grentest ale 
ment. Thus, the spinal cord has shown fewer changes from 5 „Shark 
to man, than has the brain; and only in mammals has 555 tsa 
cortex gained pre-eminence. Related to this accelerated Hors tion of 
higher or more rostral structures is the development . pone 
nance over lower or more caudal structures. As an exam es e may 
note that although the breathing centers of the tied, a func- 
tion without stimulation from any other nervous e it is 
possible to hold one’s breath for at least a time, which Bert be 


phalization refers to a principle 
ion before we continue further: 
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FIG, 4.5. Brains of vertebrates at different levels of evolution. Note the in- 
Sease in the cerebral hemispheres. (From Mitchell.*) 


Possible if the cerebral cortex did not exercise dominance over the 
Medulla, 

Interestingly enough, when the higher structures developed, the 
older ones did not disappear, and as a result the structures and con- 
nections to be found in so primitive an animal as the shark are still 
to be found in man. Encephalization involves the addition and 
dominance of higher structures, not the replacement of the older 
Fees Ring CNS is organized somewhat as is a system of bureaus, in 
fe 1 new bureaus have been added to supervise the functions of 

d. but without the elimination of any. As a result, a given 
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function of the CNS in man may involve several structures at dif- 
ferent levels and often the only way of discovering the function of a 
lower, dominated center is by removing the higher structure and re- 
leasing the activities of the lower center from dominance. 


EVIDENCE or CNS Function 


The student of psychology may wonder upon what evidence the 
statements concerning CNS functions, which are made in this and 
succeeding chapters, are based. It will not be possible to consider 
this point in detail, but we may consider briefly the principal meth- 
ods of studying the CNS. 

Ablation. The term ablation refers to removing or cutting out. 
When using this method, the experimenter removes some portion of 
the CNS, then observes the resulting loss or alteration of function. It 
is also used to release lower centers from the dominance of higher 
centers, as when the spinal reflexes are studied by cutting the spinal 
cord at its junction with the brain. When combined with accurate 
methods of observation of behavior both before and after operation, 
this method can yield very useful results. 

Although ablation can be as gross or as limited as one wishes. 
much of the work done has been fairly gross. The experimenter may, 
for example, remove the entire cerebral cortex on one side, or re- 
move some large structure such as the cerebellum, On the other 
hand, he may use delicate needle instruments to destroy small bits 
of tissue on the surface or deep within the br 


ain. Also, observation 
of behavior can be casual and re 


latively uncontrolled, or can involve 
complicated measurements of particul 


moval of the cerebellum we may note qualitatively that the animal 
is now unsteady and weak, or we may test him carefully both before 
and after operation and arrive at a quantitative statement of the 
change in behavior. This latter type of approach combines physio- 
logical and psyc hological techniques and has been a favorite method 
with physiological psychologists. Of course, the final step in the use 
of this method must be the very careful 
nature of the tissue damaged, destroyed 
plished by slicing and staining serial se 
ing them under 


ar acts. For example, after re- 


appraisal of the extent and 
or removed. This is accom 


ctions of the CNS and examin- 


a microscope. 

Strictly speaking, the method of ablation tells us what the parts of 
the CNS left behind can do, not what the part removed did, That 4 
given function is only slightly or temporarily upset by the removal 


of a bit of tissue by no means proves that that bit of tissue was not in- 
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volved in the given function. To give an example from a slightly 
different field, if a man can still see after losing one eye, we cannot 
assume that he did not use that eye when he still had it. When care- 
fully interpreted, however, the method of ablation can yield very in- 
teresting and significant results. 

Electrical Stimulation. Since the CNS is made up of neurons it 
can be stimulated electrically. This fact has been exploited very ex- 
tensively in research. Not only can the exposed brains of animals be 
stimulated and responses noted, but also the brains of persons under- 
going brain operations can be studied in this way. In the case of the 
human being, often only a local anesthetic is used and not only may 
We observe responses but, also, the patient can report on his sensa- 
tions, perceptions, and so on. 

One great advantage of this method, for animals other than man 
at least, is that the CNS being studied may be quite intact. On the 
other hand, when we stimulate electrically we cause all of the neurons 
ina given area to discharge simultancously, which probably seldom 
happens in normal brain action. In other words, although we get 
Positive evidence (as contrasted to the negative evidence derived 
from ablation) we do not get any information about the patterning 
of neural activity in the region stimulated. 

Local Chemical Stimulation. When strychnine is applied to a 
Nervous structure (e.g., the cerebral cortex) , the neurons having cell 
bodies in the region of 
Selective action on cell bodies is an advantage which this method has 
Over that of electrical stimulation (which affects both fibers and cell 
bodies) , With strychnine stimulation we may be more certain that 
Neurons located in the region being studied are involved in whatever 
functions are observed. It is more difficult, however, to confine the 
effects of strychnine and to control the strength of stimulation, 

Typically, research with this method does not utilize behavioral 
responses but rather electrical recording methods (to be described 
below) in order to discover what other regions of the CNS are 
aroused by the strychninization of the region stimulated. Part of our 
knowledge of the interconnection of various cortical regions and of 


application will discharge repetitively. This 


Cortex and thalamus is based on experiments using this method. As 


3 sossible to inject small amounts of 


further extension, it is also Į 
Strychnine into the deeper tissues by the use of hypodermic 
Sometimes strychninization is used to sensitize and perhaps synchro- 
nize the neurons ina given region, so that their response to ac tivation 
it their parmal fiber connections is made more readily record- 

dle, 


vringes. 


Mapping the regions of the cortex aroused by sounds of differ- 


Cnt fre sip . f 
equency was done in this way. 
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Electrical Recording Methods. Electrical recording methods may 
be used either alone or in combination with other methods and in 
either the laboratory or the clinic. Basically, this method is an ex- 
tension of the methods used in recording the activity of a single 
neuron. When nervous tissue is active, it is possible to detect electri 


al 
potential changes, just as the passage of a nerve impulse is detected 
by the potential changes involved. 

When a recording is made from outside the skull, the resulting 
record is referred to by the term electroencephalogram (translated 
literally: electrical-brain-record) , abbreviated EEG. Obtaining an 
EEG is now a routine procedure in neurological practice. The rela- 
tionships between the EEG and behavior will be discussed in later 
chapters. If we open the skull, it is possible to record from more 


limited areas, e.g., the surface of the cortex (ele trocorticogram) , or 
the thalamus (electrothalamogram) - When recordings are made from 
outside the skull, only the synchronous activity of many neurons will 
give rise to potentials large enough to be detectable. Recordings from 
the surface of the brain, or from the deeper tissues, may, therefore, 
be considerably more precise than the EEG. 

The Clinical Methods. Virtually all the work on the CNS of man 
has been done in connection with the treatment of disease or injury. 
Therein lies both the great advantage and the great disadvantage 
of this method, On the one hand, it does deal directly with man in 
whose CNS we are presumably most interested. On the other hand, 
it deals with disordered nervous systems. Unfortunately for the re- 
search neurologist, these disordered nervous systems represent neither 
clean-cut disorders, restricted to reasonably small areas, nor lesions 
in areas of interest for the research problem at hand. 

In actuality, the clinical method refers not so much to a distinct 
method as to a place. In the clinic, all of the methods listed previ- 
ously are used — ablation in some disorders, electrical stimulation, 
electrical recording, and even strychninization. Nevertheless, the 
basically nonexperimental character of the situation sets it apart. 

Clinical evidence must be evaluated with the utmost caution, One 
seldom knows what the patient was really like before his disorder 
and no amount of subsequent study can remove this difficulty. Also, 
disorders seldom affect localized areas and in many cases (tumor, for 
example) pressure within the skull gives rise to widespread destruc- 
tion, often far from the site of the original disorder. When, therefore, 
clinical and experimental results are contradictory, very careful ex- 
amination of the exact circumstanc es of the clinical work is in order. 
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The Use of Lower Animals. Purely experimental methods are not 
used on normal persons, since the neurologist has an ethical obliga- 
tion to seek the best interests of his patients. Obviously such experi- 
mental methods are applicable only to animals other than man and 
this involves some difficulty when we come to apply these experi- 
mental results to man. Needless to say. we can never be exactly sure 
how far our results will transfer directly. The more closely related to 
man the animal experimented upon, the smaller this hazard; there- 
fore, chimpanzees and monkeys are more and more often used in ex- 
periments, although a great deal of the work is still done on cats and 
dogs. By now, many of the similarities and differences among the 
Most-studicd animal species have been analyzed, and so transfer of re- 
sults from one species to another can be tempered by this knowledge. 
At any rate, there is no reason to suppose that neural activity is essen- 
tially different from one animal to another and the very much higher 
degree of control made possible by the use of animals more than in- 


sures the value of such research. 
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5 Contracting Cells and 
Muscle Action 


As students of psychology you are interested in behavior and, al- 
though behavior occasionally involves doing nothing, for the most 
part it consists of doing something. As far as organisms are concerned, 
behavior usually involves muscle activity — activity of groups of par- 
ticular cells that have become differentiated for contraction. 


These specialized contracting cells, along with the secreting cells 
which form our glands, are known as effectors. Glandular secretions 
are important, of course, and we shall consider them and their effects 
on behavior in a later chapter; but note the phrase, their effects on 
behavior.” In other words, the effector cells that secrete are of sig- 
nificance in physiological psychology mainly as they determine or 
alter the activity of effector cells that contract. These contracting 
cells, grouped in tissues known as muscle, are responsible for our 
every act and they even are responsible for some occasions when we 
refrain from acting. It is important, then, that we know something 
about them. 

Primitive Contraction. The cells surrounding the pores of the 
sponges were among the first to become specialized for contraction in 
evolutionary history (Chap. 3). They illustrate the primitive mus- 
cle cell which responds directly to stimuli without an intermediate 
nervous system, but they do not represent the most primitive proto- 
plasmic differentiation for contractility. This development is illus- 
trated by the slender hair-like projections found on many single- 
celled organisms, which contain one or more tiny threads or fibrils 
that are the contracting elements. 

Short projections of this sort are known as cilia and are found on 
many protozoa, where their fast beating action enables a much more 
rapid locomotion than that demonstrated by amoeba. Longer projec- 
tions, or flagella, also occur on protozoa and both forms are found 
in many metazoa (see Fig. 5.1). Even in man, flagella provide for 
motility of sperm cells; and cilia line some of the passages of the body 
50 
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such as the respiratory tract, where their beating action assists in 
propelling dust or other particles away from the lungs. 

Primitive Locomotion. We already have considered the most 
primitive form of locomotion when we discussed the movement of 
amoeba. This amoeboid movement, resulting from changes in ten- 
sion in the cell membrane and related structures, is characteristic of 
many protozoa and is demonstrated by certain cells in our own 
bodies, such as some of our blood cells. 
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FIG. 5.1. Examples of organisms depending upon cilia and flagella for loco- 
motion, 


In organisms with cilia or flagella, locomotion is brought about by 
a forceful contraction of the fibrils; and it is followed by relaxation 
of the fibrils and a subsequent return to their precontraction posi- 
tion, due largely to the elasticity of the sheath which surrounds them. 
Any smoothness in ciliary or flagellar movement is attributable to the 
fact that many fibrils are available and groups of them are contract- 
ing at different times — i.e., they are contracting intermittently, or 
asynchronously. Changes in direction of locomotion are due to the 
Contraction of different groups of fibrils. But the fibrils that contract 
do so in an all-or-none manner and they exert their force in contrac- 
tion, not in relaxation. Locomotion thus tends to be jerky and 
sporadic. 

Even in the jellyfish, with nerve-net and with groups of specialized 
contractile cells, the apparent smoothness of swimming behavior is 
Partially accounted for by the resistance of the water in which the 
activity occurs and only partially by the operation of opposed con- 
Wactile forces. In the earthworm we find smooth, even locomotion; 
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it occurs chiefly by means of two sets of opposed muscles. One set is 
longitudinal in the body and the other is circular. When the longi- 
tudinal set contracts the body is shortened; when the circular mus- 
cles contract and the longitudinal muscles relax, the body is length- 
ened. The presence of a nervous system with a primitive brain is the 
important factor in the gradations of contraction that occur in these 
two groups of muscles, but the opposed muscles permit smooth co- 
ordinated locomotion when integrated by nervous control. 

Another dey elopment of note in the earthworm is the rudimentary 
feet, which are short spiny projections pivoted in the body wall and 
which are moved by the contractions of muscles around their inner 
ends. Here they are not used to propel the organism but rather to 
hold a portion of it during body shortening or lengthening; and they 
are partially responsible for changes in direction of locomotion. They 
illustrate primitive forms of levers which are found in one form or 
another in most organisms with opposed groups of muscles. In higher 
organisms, practically all locomotion is mediated by pairs of muscles 
attached to skeletal structures that operate as levers, regardless of 
whether the form of locomotion is swimming, creeping, walking, run- 
ning, or flying. 

Three Kinds of Muscle. In all mammals three kinds of muscle 
tissue are found. 

(a) The striped or striated muscles, which usually are attached to 
parts of the skeleton and which derive their name from the alternate 
light and dark striations which they demonstrate under the micro- 
scope. They contribute about one-half the weight of the body and 
are responsible for the movements of the body. 

(b) The smooth or unstriated muscles, which for the most part are 
located in the viscera or the blood vessels and which appear to be 
more primitive in structure and function than striated muscles. They 
are responsible for most of the vegetative functions — those that are 
involved in the mere process of living, such as the activity of the 
stomach and bowels, the urinary bladder, and changes in size of the 
blood vessels. 

(c) Cardiac muscle, which is similar in appearance to striped mus- 
cle and is found only in the heart. 

Figure 5.2 shows these three kinds of muscle cells and the char- 
acteristics which give the first two their names. 

Striped muscles are sometimes referred to with considerable ac- 
curacy as “ skeletal muscles,“ but one has only to remember that 
such muscle is responsible for eye and tongue movements, as well as 
facial expressions, to realize that more than mere skeletal movement 
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is involved. An even less accurate designation is “ voluntary muscle,” 
and the substitution of “ involuntary muscle ” for smooth muscle also 
is inappropriate. Although it is true that most striated muscles are 
more easily brought under voluntary control than most smooth mus- 
cles, the fact remains that few people are able to control the striped 
muscles that wiggle the ears, while some are able to exercise con- 
siderable control over the smooth musculature of the stomach and 
bowels (the Yogi for example) , and most of us are able to control at 
will certain of the smooth muscles involved in urination. Further- 
more, many reactions of striated muscles are completely involuntary, 
such as the maintenance of posture or the prompt withdrawal of a 


Cardiac 


(a) - Striated (b) - Smooth 
FIG. 5.2. Types of muscle cells. 


finger from a hot surface. All in all, it is better to think in terms of 
Striated and smooth musculature, which will be seen to have quite 
different characteristics. We shall consider in later chapters the prob- 
lem of learned muscular reactions and the significance of learned but 
involuntary control over both striated and unstriated muscles. 

General Properties of Mammalian Striated Muscle Tissue. All 
Mammalian muscle cells contain one or more thread-like fibrils 
Similar to those found in cilia or flagella and here they are known as 
myofibrils. They are regarded as the contracting structures and they 
contain a special chemical substance, actomyosin, which rearranges 
its chemical structure upon stimulation and, thus, converts potential 
chemical energy into mechanical energy. Groups of muscle cells or 
fibers are surrounded by sheaths of connective tissue and constitute 
4 muscle bundle, and a number of attached bundles make up a 
Muscle, 

Muscle cells demonstrate marked conducting as well as contracting 
Properties and their conduction may be shown by appropriate elec- 
trical instruments just as it has been shown for nerve cells. The spike 
Potentials obtained appear similar to those found in neurons; records 
eb such action potentials in muscle, whether from a single cell or 
from a muscle group, are known as electromyograms (see Fig. 5.3). 
Both conduction and contraction occur upon direct stimulation by 


any of the energy changes which elicit conduction in a nerve cell, or 
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they occur upon stimulation of the muscle fibers by nerve impulses 
of efferent, or motor, neurons. Moreover, muscle cells, like nerve 
cells, normally respond in an all-or-none fashion to a single stimulus. 

Also, in common with nerve cells, muscle cells show several of the 
same metabolic phenomena; they utilize glycogen, they liberate heat 
and CO,, and although they may respond in the absence of oxygen it 
is necessary for their recovery and subsequent response. 

Properties of Smooth Muscle. Surprisingly, little is known of the 
operation of unstriated muscle in view of the fact that it is so im- 
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Electromyographic record taken from a leg muscle group during walk- 
ing. (From Fundamental Studies in Human Locomotion.) 


portant in our daily living. Each cell contains one nucleus and one 
or more myofibrils which are devoid of striations. The cells are com- 
bined in flat bundles or sheets and occur around the blood vessels 
and around most of the hollows or tubes of the viscera. Their unique 
property is maintained contraction which may be increased or de- 
creased only slowly. 

In some instances, such as around the hair cells of the skin, the 
muscles are usually quiescent and contract only after appropriate 
stimulation; and in this case their response effects erection of the 
surface hair — the pilomotor response — and in animals with few 
surface hairs the contraction may be seen as “ goose flesh.” In other 
instances, such as in the stomach and the rest of the gastrointes- 
tinal tract, they engage in more or less continuous rhythmic con- 
traction known as peristalsis. In other structures, such as the pupil 
of the eye, two completely separate smooth muscle tissues are in a 
state of continuous and opposed contraction. Additional stimulation 
of one pupillary tissue (the radial muscle) will dilate the pupil. 


while additional stimulation of the other (the circular muscle) will 
constrict the pupil. 
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In a later chapter, we shall consider many of the important func- 
tions of smooth muscles. For the present, it is sufficient to know that 
they are involved indirectly in much of our behavior and to know 
something of the manner in which they are innervated. 

The Innervation of Smooth Muscles. Whenever a neuron is in 
such relationship to an effector that impulses in it will elicit reaction 
in the effector, the latter is said to be innervated. All smooth muscle 
tissues in mammals, and, also, heart muscle and the various secreting 
glands, are innervated by one or both of two groups of nerves which 
we shall come to know very well. Together they form the peripheral 
part of the autonomic nervous system (ANS) , a system which is con- 
cerned with the regulation of basic bodily processes. 

The ANS is not to be thought of as separate from GNS, since a 
Major part of it lies within the spinal cord and brain stem and since 
the hypothalamus in the diencephalon is a major center for the in- 
tegration of autonomic responses. The peripheral nerves of this sys- 
tem are known to liberate at least two chemical substances at their 
axon terminations: acetylcholine, which you already know, and sym- 
pathin. It is believed to be these chemical substances that effect a 
response in smooth muscles and it is known that chemicals similar 
to them will directly effect responses in certain smooth muscles and 
glands. 

One of these similar chemical substances, adrenalin, is secreted by 
a gland innervated by the ANS. It can circulate in the blood stream 
for some time and affect many tissues. Thus, a widespread response 
May occur among all tissues that are reactive to adrenalin. Here 
is a partial explanation for the various smooth muscle responses 
that occur in a behavior pattern such as fear — the dilation of the 
pupil of the eye, the fast-beating heart, the pilomotor response, the 
sweating, and the constriction of peripheral blood vessels which pro- 
duce pale and cold skin. This and many other patterns of behavior 
are determined largely by the effect of ANS stimulation upon smooth 
muscles. We shall consider this kind of behavior more thoroughly in 
the chapters dealing with autonomic functions and with emotional 
behavior. 

Properties of Cardiac Muscle. Little need be said about cardiac 
or heart muscle in this text except that, though similar in appearance 
to striated muscle, its structure involves myofibrils that seem to 
branch and fuse with each other so that a network is formed through- 
out the muscle tissue. Contraction initiated in one portion of the 
heart is thus conducted to all other parts; and heart muscle appears 
to respond by waves of contraction. It is interesting to note that 
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heart muscle possesses the capacity for restimulating its own rhythmic 
activity, that it is capable of continuous rhythmic response, and that 
it is the first effector to show action in the developing mammalian 
embryo. Even though cardiac muscle resembles striated muscle in ap- 
pearance, it may be regarded, for the purposes of our study, as though 
it consisted of smooth muscle. It is innervated by the ANS and later 
we shall consider its innervation and response patterns in greater de- 
tail. 

Properties of Striated Muscle. Much more is known about the 
characteristics of striped muscle tissue than about the other two 
forms. Investigators have been most interested in it because it is re- 
sponsible for most of the observable behavior of higher organisms. 
Furthermore, most of it lies close to the skin and is easily accessible 
and almost any of it can be destroyed without marked interference 
with the basic metabolic functions of the organism. With the excep- 
tion of some of the muscles involved in respiration, striated muscle 
tissue is not essential to life — it merely aids living. 

Striated muscle tissue is composed of slender cells varying in di- 
ameter from 0.01 to 0.1 millimeters, and in length from a few milli- 
meters to several centimeters. Lengthwise in the cells may be seen the 
myofibrils which have alternating light and dark portions that con- 
tribute the striped appearance to the muscle tissue. Each cel] has 
several myofibrils and several nuclei and is surrounded by a mem— 
brane or sheath known as a sarcolemma. A number of cells joined 
and covered by connective tissue form a muscle bundle and these 
bundles are attached at either end to parts of the skeleton, to the 
skin, or to other muscle bundles, by connective tissues known as 
tendons. 

Striated muscle cells are unique in the body in that they do ex- 
ternal work — that is, mass is moved, whether in locomotion, in 
moving some body part, or in moving objects in the environment: 
They accomplish work by shortening their length under maintained 
tension, which is called isotonic contraction. As you lift a pencil, for 
example, your muscles are engaging in isotonic contraction, Your 
maintained hold on the pencil permits of little further shortening in 
finger muscle fibers, yet it is obvious that muscular activity is being 
continued if you do not drop the pencil. This kind of maintained 
contraction without further shortening is known as isometric con- 
traction; it is the kind utilized in opposing gravity or other forces: 
and in maintaining upright posture. Both kinds of contraction gen- 
erally are involved in manipulative behavior, i.e., in altering the en- 
vironment, but only with muscle shortening does work occur. 
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If you will rest one of your arms on a table at a right angle from 
your body you will be able to demonstrate to yourself several charac- 
teristics of striated muscles during relaxation and contraction. First, 
relax your upper arm muscles and feel with your other hand their 
flabby consistency. If they are not soft and pliable, it means that you 
are not entirely comfortable, not entirely relaxed, under strain.” 
Only if the weight of the arm is completely supported by the table, 
and only if you are completely “at ease,” will all residual isometric 
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FIG. 5.4. Major opposed muscles of the upper arm 


in man. 


contraction disappear. Now tense your arm muscles without moving 
the arm. The firmer consistency of both biceps and triceps muscles 
(see Fig. 5.4) may be felt in their isometric, or constant length, con- 


g 


traction. Now lift your forearm, which occurs by means of isotonic 
contraction of the biceps, and rest your hand against your forehead. 
Il you are in a comfortable position, your biceps will be relaxed some- 


what, but probably not as much as when the arm was on the table. 
Some isometric contraction continues. 

Now, as you lower your arm, do it slowly and arrest its descent for 
a moment at about a 45° angle. It should be obvious to you that the 
process of lowering the arm has resulted in increased contraction in 
both triceps and biceps. The process ol arresting movement involved 


a relative increase in biceps contraction until it exactly compensated 
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triceps contraction. Had the biceps not contracted at all your forearm 
would have thumped the table with quite a blow. Had it been in 
maximum contraction you could not have lowered your arm. 

Now look at Figure 5.4 again and note that the biceps is identified 
as a flexor muscle, because it flexes a joint or pulls a part of the 
body inward; and note that the triceps is called an extensor, because 
its contraction extends a part of the body. Notice, also, that the func- 
tions of this pair of muscles are opposed or antagonistic. All ex- 
tremities of our bodies possess similar pairs of antagonistic striated 
muscles and it is only through a nice balance in their contractions 
that smooth coordinated movement is possible. This balance of con- 
traction in antagonistic muscles is brought about by a balance in 
nerve impulses known as reciprocal innervation. We shall consider 
later how reciprocal innervation occurs. 

Striated muscle tissue is unique in one other respect; it is special- 
ized for rapid response, but it cannot maintain contraction over long 
periods, It is true, of course, that some striated muscles demonstrate 
rather continuous contraction in the maintenance of posture, but 
even these antigravity muscles cannot respond indefinitely and must 
be rested. 

Innervation of Striated Muscles. Striated muscle tissue is in— 
nervated by peripheral efferent neurons which are myelinated and 
which are not a part of the ANS. Certain class labels have been used 
for them but none is entirely satisfactory and, in general, it will be 
best to refer to them merely as efferent fibers to striated muscle. When 
we come to a study of the ANS, we shall discover other means of dis- 
tinguishing between fibers that innervate smooth and striped muscle. 
For the present, it is sufficient to know that all of the latter possess 
myelin sheaths and that they course directly to muscles from motor 
muclei in the ventral horns of the spinal cord or brain stem, where 
their cell bodies are found. 


Certain similarities exist between neurons and striated muscle cells. 
and the effect of one neuron on another is similar to the effect of 4 
neuron on a muscle fiber. Just as the synapse is a functional contact 
between neuron and neuron, the neuromuscular or neuromyal junc 
tion is a functional contact between neuron and striped muscle cells. 
It occurs between the axon terminal and a specialized receptive area 
of the sarcolemma known as the motor end-plate (sce Fig. 5.5). As is 
the case with the synapse, the exact nature of conduction at the neu- 
romyal junction is in doubt. There is no doubt that ACH is secreted 
at this point at the time when excitation takes place, but its exact 
function in excitation is unknown. A potential change also takes 
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place at the end-plate and it is usually followed by an action potential 
of the muscle cell which elicits contraction of the fibrils. The normal 
course of events then is: nerve impulse — neuromyal transmission — 
end-plate potential — conduction in muscle — contraction in muscle. 

The neuromyal junction docs show functional properties which 
are not the same as those found in either nerve or muscle alone and, 
therefore, imparts characteristics to neuromuscular activity which are 
not derived from either nerve or muscle. It is usually considered that 
the junction is the locus of the fatigue which arises when a muscle 
cell is stimulated repetitively through its attached motor fiber, since 
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transmission will fail at the junction while action potentials are still 
being recorded from the neuron and while the muscle cell is still di- 
rectly excitable by an electric shock. Furthermore, the blocking ac- 
tion of drugs such as curare is confined to the junction and does not 
affect either muscle or nerve. Both fatigue and curare effects will be 
discussed in later chapters. 

The Motor Unit. It is known that there are many more striated 
muscle fibers in the human body than the number of myelinated 
nerve fibers that innervate them. It is obvious, then, that one nerve 
fiber generally must innervate many muscle fibers. We find, how- 
ever, great differences in the innervation ratio for different muscles. 
The ratio may be as small as 1:3 for some of the small muscles which 
mediate quick, precise movements such as those of the eyes; and for 
Some of the large antigravity muscles involved in the maintenance of 
Posture the ratio may be as great as 1:165 and is believed by some in- 
Vestigators to be larger. Fach muscle cell appears to be served by only 
one axon branch, Thus, a neuron with a group of muscle fibers in- 
Nervated by its several axon terminals may be thought of as a func- 
tional neuromuscular unit, or motor unit. 
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The number of motor units in striated muscles varies considerably 
and includes a range of at least 200 to 650. In view of the fact that 
both muscle and nerve cells respond in an all-or-nothing fashion, it 
should be obvious that the number of motor units in a given muscle 
and their innervation ratios will influence the precision and range of 
contraction of which the muscle is capable. Muscles with small in- 
hervation ratios and many motor units are capable of fine control 
over a wide range of contraction. Muscles with large innervation 
ratios and few motor units are less capable of precise or graduated 
action. 


Stimuli 
A B 0 D 
FIG. 5.6. Summation of muscular contraction by successive stimulation. In- 
terval between stimuli are B = 57 m sce; C = 40 m sec; D = 24 m sec. 
(After S. Cooper and J. C. Eccles. ) 


Summation and Asynchronous Innervation. Even in muscles 
with many motor units of low innervation ratio, the response would 
be jerky if all units were to discharge synchronously at a slow rate: 
If a motor unit is activated by a single stimulus, the result will be a 
single contraction known as a twitch, which then is followed by re- 
laxation. If a series of separate stimuli are applied at a rate slower 
than about 5 per second, the result will be a series of twitches known 
as clonus, which involves alternate and jerky contraction and relaxa- 
tion. Clonic activity and single twitches may occur in the intact hu- 
man organism, but ordinarily they are the result of some disorder. 
The typical pattern of even contraction of muscle groups, known as 
tetanus, is the result of rapid asynchronous innervations which are 
summated. 

Summation in muscle contraction may best be understood by con- 
sulting the diagrams in Figure 5.6. In part A,a single muscle twitch 
is shown; in B, a second stimulus has been applied before relaxation 
following the first stimulus was complete, and a second twitch is 
superimposed on the first: but note that the magnitude or strength 
of the second twitch is greater than that of the first. This observation 
does not serve to deny the all-or-none principle. It is similar to stimu- 
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lation of a neuron during the period of superexcitability; the condi- 
tions of stimulation are different and the response, though maximal 
in each case, is different. At C of the diagram, the interval between 
stimuli has been decreased further and the two twitches are practi- 
cally fused; while at D, fusion is complete and the tetanus is seen 
to be much stronger than the single twitch. 

Summated tetanic contraction is the typical response of striated 
muscle in intact organisms, for even a single stimulus applied to 
a receptor cell will set up a series of afferent impulses (Chap. 6). 
These impulses, occurring at or near the maximum rate at which 
nerve fibers can conduct, are well within the time requirements for 
tetanic muscular contraction. Furthermore, the impulses in different 
nerve fibers are asynchronous. Even though many are begun simul- 
taneously at a receptor organ, the rates of conduction will vary con- 
siderably throughout the nervous system, so that asynchrony would 
be expected by the time the impulses affect motor units, which them- 
Selves vary in discharge rate. 

Even muscular response is brought about, then, throu 
characteristics of neuromuscular structure and function. The major 
2) the number of motor units 


eh many 


factors are (1) the innervation ratio, ( 
involved, (3) the summation which makes possible the maintained 
contraction of tetanus, (4) the asynchronous innervation and dis- 
charge of motor units, and (5) the reciprocal innervation of op- 
Posed muscle groups. 

Muscle Tension. So far in this chapter we have not used the 
familiar term “ muscle tension.” You have seen that muscle cells 
respond by contracting and that they have two main kinds of re- 
sponse — the twitch and tetanus. Subtetanic contractions are possible 
and when they occur a series of fractional twitches or tremors can 
be detected; but in intact healthy organisms the typical response is 
tetanic contraction of one or More motor units. If this is a shortening 
or isotonic contraction a movement of some body part will occur, 
Which is known as phasic contraction. If contraction is isometric, the 
tetanus is maintained and is known as tonic contraction. Although 
tension is exerted whenever a muscle contracts, the term “ muscle 
tension ” usually refers to tonic activity in muscle cells. 

Both smooth and striated muscle tissues exhibit more or less con- 
tinuous low-grade tension, known as tone or tonus. For smooth mus- 
eles this is due to more or less continuous innervation by the ANS: 
While lor striated muscles it is due largely to reflexes brought about 
by the stretch placed upon the muscle bundles by their attachments. 
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with severe sunburn, acquired on cool, hazy days. Another familiar 
example is that of radio waves; we are not sensitive to these as a radio 
is and we can only hear sound after the radio has transformed the 


signal into audible frequencies. 

But what about our knowledge of ourselves? Is it any more direct 
or immediate than our knowledge of external objects, or do we like- 
wise need special sensitivities in order to gain information about 
how things are going in the gut or how the legs are holding up on a 
strenuous hike? Let us take another example; that of a man who, 
through disease, has lost all sensation from the muscles of his legs, 
although the movement of his legs has not been impaired. Such a 
man can walk, but unless he looks at his legs, he doesn't know where 
they are or what they are doing, and in the dark he is almost helpless. 
A few unfortunate individuals who have lost sensations from their ab- 
dominal organs complain bitterly of being hollow and having lost 
their insides. Fvidently we require sense organs to give us informa- 
tion about ourselves. We may largely ignore such sensations, unless 
intense because of some malfunction, but they exist as a constant 
backdrop, against which the play of external life goes on. They are 
difficult to verbalize and it requires practice to observe them prop- 
erly, but they are one of the important bases for the perception of 


the self and of the feeling of well-being or illness 


The study of sensation has assumed great practical importance in 
recent years because it is basic to the control of machinery; more- 
over, our military forces, as well as our industries and private lives, 
are daily becoming more mechanized. In order to control any sort 
of machine, one must be aware of what is happening and this is 
dependent upon the acuity and other characteristics of one’s sensory 
systems. Aircraft dials must be designed so that they can be read 
with a minimum of time and error. Should one use a clock dial or a 
horizontal dial? What color should it be? What intervals should be 
used? And many more questions of the same sort. If, as in some dials, 
it is easy to make mistakes of 1000 feet, the result may sometimes be 
fatal. Again, radar screens are very hard to read. What can be done 
to improve them? Or take the telephone; the clarity and distinctness 
with which you can now hear voices is partly a direct result of in- 
tensive study of the characteristics of human auditory sensory mecha- 
nisms. One of the reasons for the increasing number of automobile 
accidents is the overloading of the eyes in driving — the instruments 
to watch, the number of cars and pedestrians to watch, Many people 
do not have the nec essary sensory skills for safe driving — their per 
ceptual speed is slow, too slow for modern traflic conditions. 
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Sensation and Perception. For many purposes it is convenient to 
make a distinction between sensation and perception, although this 
distinction must not be considered a hard-and-fast one. Traditionally, 
sensation has been used to refer to those problems in which the 
functions of the bare sensory system itself were investigated, as op- 
posed to more obviously perceptual problems of complex patterns 
and interrelationships. In some psychological theories, sensation has 
also been a construct, an element of consciousness derived from the 
mere functioning of the afferent system, to which other elements are 
added to make a perception. In actual practice, one never experiences 
a sensation, but only relatively simple perceptions. We discovered 
long ago that even in such situations as observing a homogeneous 
colored light, previous experience and the instructions to the sub- 
ject make a difference. There is a continuum of perceptions, from 
simple to complex, but it is still convenient to separate the simple 
from the complex problems because of differences in experimen- 
tal techniques. We will call the field of simpler problems the topic 
of sensation and the field of more complex ones the topic of percep 
ton. 

It may be helpful in establishing this definition to give a few 
examples of representative problems in each field. Typical research 
in sensation is the determination of thresholds for color vision at 
each wavelength, of whether salt will partially cancel sour in taste, or 
of whether the sense of pain shows adaptation. Typical research in 
Perception involves studies of color constancy, of the relative impor- 
lance of factors of depth perception, or of the audibility of speech 
With various amounts of masking noise. In this book sensory problems 
will be stressed more heavily than perceptual ones for three reasons: 
(1) the simpler, sensory problems are basic and must be understood 
first: (2) they are usually treated very superficially in the beginning 
Course; (3) they are more readily related to physiological psychology 
in our present state of knowledge. 

Functions of Receptors. Receptors, or sense organs, are the first 
elements in the afferent pathway. They are of three general types 
as shown in Figure 6.1: (1) the afferent neuron may be unspecialized, 
Merely branching freely at its endings, as in the pain receptor; (2) 
the afferent neuron may itself become highly specialized, as in the 
olfactory receptor; (3) the afferent neuron may be associated with 
Specialized cells which assist it in performing its functions, as in the 
taste receptor. Although it is possible to stimulate an aflerent nerve 
oe Sperneg, in the normal anise o! Lege is a receptor 

s nulated and the receptor is then responsible for setting 
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off the nerve impulse. Why is it that a receptor, simple or complex, is 
always inserted into the afferent system? What peculiar characteristics 
do receptors as a class have which renders them so important? The 
answers to these questions are not simple. There are three important 
characteristics of receptors. First, receptors are more sensitive than 
nerve fibers. This extra sensitivity means lower thresholds and, 
thus, ability to respond to lower levels of energy change in the en- 
vironment. It is responsible for 


our ability to perceive slight dif- 
ferences and, thus, adjust to the 


UNSPECIALRED! “RECEPTOR highly complex patterns which 
are the basis of human life. 


Thus, it also acts as an impor- 


SPECIALIZED NERVE CELL 


= — CELL tant safety factor. Second, recep- 
— tors are selective in the stimuli 
FIG. 6.1. Diagrams of three types of re- to which they respond. This Se- 
ceptors: (A) specialized neuron. (B) lectivity means that each kind 
unspecialized nerve cell, (C) specialized afre ws 101 18 5 alized that 
epithelial cell. (After Morgan and Stel. . 8 g 5 = i alana oe 
lar.) it is especially sensitive to one 

kind of energy change in the en- 
vironment. The receptors in the eye have very low thresholds for 
light and have, in addition, accessory structures which bring light 
to them more readily — but they are not more sensitive than nerve 
fibers to sound waves. They are specialized for response to light and 
to nothing else. This selectivity means that greater differentiation 
is possible and adds immeasurably to our ability to perceive complex 
patterns. Third, receptors are responsible for prolonged response to 
a constant stimulus. A nerve fiber responds but once, or at most a few 
times, to a stimulus applied to it. But the receptor is capable of re- 
sponding many times and, therefore. gives us information of a very 
important kind — that the thing is still there, or that it is becoming 
more intense. Imagine, if you can, a world in which each new object 
gave only one or two brief signals of its presence and then was i- 
lent ” — we would be virtually without the dimension of duration in 
our lives. 

Senses are often classified into groups and there are several ways 
of doing it, depending upon one’s interest or purpose. There are 
four criteria which are generally used. First, a Psychological erite- 
rion may be applied: do the sensations seem similar? Pressure and 
pain feel different, so on the basis of a psychological criterion we 
would classify them as separate senses. Second, we may use a physi- 
cal criterion: are the receptors stimulated adequately by the same 
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forms of energy? The eye and the ear respond to different forms of 
physical energy and would therefore be judged to belong to different 
senses. Third, an anatomical criterion may be used: are the sensory 
systems similar anatomically? Taste and smell are classified separately 
because the receptors, their origins, and their cortical terminations 
are different for each system. Fourth, a physiological criterion may 
be brought to bear: what kind of response is evoked? Is the response 
a postural one, a visceral one, or action upon the environment? Ac- 
tually, all these criteria are used and there really is no hard-and-fast 
definition of a sense department. How different anatomically must 
they be before they are considered to belong to different senses, ra- 
ther than to the same one? Each criterion emphasizes some different 
aspect of the topic and each is thus useful. By using all of them judi- 
Clously we will find that we have many more than the traditional five 
senses, but whether we enumerate nine, thirteen, or some other num- 
ber depends upon the fineness of distinction which we choose to 
make, 

A general classification of receptors which is often made is a 
division into four classes on the basis of all considerations. Table 
6-1 shows the division and the senses normally falling in each. The 
divisions are not always sharp, as is indicated in the table. Gustation, 
although primarily an interoceptor, can also give information about 
€xternal objects and was an important source of information for 
Helen Keller. Olfaction, although an exteroceptor in giving cues 
to various objects about one, also operates as an interoceptor along 
With taste. Pain is in a still more anomalous position, being in a class 
by itself (nociception) because of certain response characteristics, 
but also serving as both exteroceptor and interoceptor. The partic- 
ular class used in any given instance depends upon the circum- 
Stances and one’s purpose. 

Stimulus. We have already used the term stimulus many times 
but this is the place to define it more carefully. The term is often 
Used in two senses. The first is a rather general one which we have 
used earlier in the book — any agent that directly influences the 
activity of protoplasm. In the next section, dealing with sensation, 
the word is used in a narrower meaning — energy which excites a 
receptor, ‘Thus, a change in some hormone level, although a stimulus 
in the general sense, is not a stimulus in the sensory sense as it does 
NOL excite a receptor. Sensory stimuli are such things as light waves, 
Sound waves, objects at temperatures above that of the skin, muscle 
tension, and the like. 


The concept of the adequate stimulus is one which you will mect 
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Table 6-1. General Classification of Receptors 


Class Sense Basis for Classification 


Exteroceptors | Cutaneous pain Receptors located primarily on body 
* | z, 
Cutaneous pressure surfaces; respond largely to ex- 
Cutaneous warmth ternal stimulation; response is 


Cutaneous cold | primarily bodily movement. 
Vision 
Audition 
Olfaction 
Gustation 

Interoceptors Organic pain Receptors located primarily within 
Organic pressure the body (digestive and urogenital 
Organic warmth tracts); respond largely to stim- 
Organic cold ulation within the body; response 
Olfaction is primarily internal change. 
Gustation 


Proprioceptors | Muscle kinesthesis Receptors located in muscles, ten- 


Tendon kinesthesis dons, and joints, and nonauditory 
Joint kinesthesis inner car; respond largely to 
Vestibular senses bodily movement; response is 
primarily bodily movement. 
Nociceptors Cutaneous pain Receptors located throughout the 
Organic pain organism; respond largely to in- 
Kinesthetic pain jurious stimuli; response is pri- 


marily flexion. 


time and again in any discussion of sensation. An adequate stimulus 
is one which is normal for the sense organ in question, An inade- 
quate stimulus is merely an abnormal one; it is nol a stimulus which 
does not excite — it would not be a stimulus at all under those cir— 
cumstances. Note that the dictionary definition of adequate does 
not apply here, because this is a technical term. Thus, the adequate 
stimulus for vision is light, but vision may be stimulated inade- 
quately (abnormally) by electric current or a blow on the eye (sec 
ing stars). The adequate stimulus for the cold receptors is a lowered 
skin temperature, but they may be stimulated inadequately by pres- 
sure, electric current, or a pin prick, if these are strong enough. 
Most experiments in sensation, unless they are purely exploratory 
require specification of the stimulus; that is, they require that the 
stimuli used be specified as exactly as possible. To be specified, a 
stimulus must be controlled, so that specification implies both con- 
trol and quantification. In order to control, quantify, and, therefore. 
specify the stimulus, one needs information about the important vari- 
ables of the particular stimulus — the dimensions along which that 
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particular kind of energy can vary. These have been adequately de- 
scribed, for all practical purposes, by the physical scientists and we 
need only learn from them what to control and how to do it. In 
general, the important dimensions are amount of energy, time char- 
acteristics (frequency, andyor duration, wave shape, etc.), some- 
times extent, and possibly pattern (in complex stimuli) for each 
kind of energy. 

It is important that a sharp distinction be made between stimulus 
variables and sensation variables. In psychophysics we attempt to 
find a relation of some sort between the two; we cannot assume it 
to be perfect. We may want to know, for example, how the bright- 
of a light is related to the energy in the stimulus. In order to 
write this equation it is necessary to measure the stimulus in terms 


ness 


of its physical variables and the sensation in terms of its psychologi- 
cal variables. A sensation can never be described in physical terms; 
such a statement is meaningless. The physical dimensions are ways 
of specifying the stimulus, and this is the first step in the investiga- 
tion of sensation, but only the first step. We shall discuss later in 
this chapter the psychological variables and their relationship to the 
physical dimensions. 

Sensory Thresholds. The concept of the threshold is one which 
is derived statistically. In all scientific measurement there are small 
uncontrollable variations, so that no single measurement is truly 
representative and many measurements must be made. With a large 
Number of measurements, which always vary somewhat, you need a 
Statistical technique to describe the essential meaning of what you 
have found. Thus, a threshold, dependent upon measurement of 
Many instances, may be defined as that stimulus which can be dis- 
tinguished from some standard exactly 50 percent of the time. This 
definition is general and, therefore, harder to understand than 
the more specific definitions of the various kinds of thresholds. Let 
Us turn to them for clarification. 

There are three kinds of thresholds which sometimes are called 
limens: (1) the absolute threshold (RL), (2) the difference thresh- 
old (DL), and (3) the terminal threshold (TL). 

The absolute threshold is the one lying at the lower end of any 
Scale of intensities for a particular kind of stimulus. It is that stimu- 
lus which can be sensed or felt 50 percent of the times it is applied. 
In this case the “standard ” is zero stimulation. Ihe absolute thresh- 
old for pressure is that weight which is judged to be present, or is 
Sensed 50 percent of the times it is applied — the other 50 percent 
of the times the subject docs not feel anything. 
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The terminal threshold lies at the other end of the stimulus scale. 
It represents the level above which an increase in the stimulus energy 
yields no further increase in intensity 50 percent of the time. In the 
case of the terminal threshold, one may have a more complex judg- 
ment to make because it is often mixed with pain and sometimes it 
cannot really be measured. The terminal threshold represents statisti- 
cally the effective upper limit we can sense, just as the absolute 
threshold represents the effective lower limit of our sensitivity. Abso- 
lute thresholds are always of immediate significance; terminal thresh- 
olds are so more rarely, The terminal threshold of greatest practical 
importance is that for audition, where the upper limit of intensity is 
taken as the point at which pain is felt — 50 percent of the time — 
and this is the upper intensive limit of useful sound. 

The difference threshold is the difference between a given stimulus 
and another stimulus which is judged as different from it 50 percent 
of the time (sometimes, for technical reasons, a somewhat different 
cutoff point is used). The difference thresholds are those thresholds 
lying between the absolute and terminal thresholds. An example of 
a difference-threshold experiment is the determination of the amount 
of sugar which must be added to a given solution in order to make 
it just noticeably sweeter. If one begins at some particular point. 
such as the absolute threshold, one finds that the perception of dil- 
ferences of this sort is not continuous. It is not smooth, as the slope 
of a hill, but discrete, like an irregular staircase, upon which you 
have to rise a certain amount at each step in order to succeed in 
going from bottom to top. If the risers are 6 inches, you must lift 
your foot 6 inches in order to achieve the next step— it docs no 
good to lift it 4 inches. Similarly, in a psychological scale, if the in- 
crease in, say, sweetness 


is to be perceptible at all, it must be one DL, 
i. c., it must equal the difference threshold. But let us not push our 
staircase analogy too far. We do not mean that in the DI, “ stair- 
case ” all the risers are identical. In this ~ staircase,” the height of 
the risers changes — the absolute amount which must be added to a 
stimulus in order to produce a DL is not constant: it changes, de— 
pending upon the position in the scale at which one is working. One 
of the earliest concerns of the first physiological psychologists was 
with this problem of the relationship between the increase in stim- 
ulus energy and percepuble differences. In general, the absolute 
amount which must be added toa stimulus in order to produce a DI. 
is larger, the more intense the stimulus which is taken as standard. 
The amount which must be added each time increases as we ascend 
the scale from absolute to terminal threshold: furthermore, it in— 


Sensory Thresholds 71 


creases approximately in direct ratio to the standard stimulus. We- 

ber’s Law states that the amount by which a stimulus must be in- 

creased in order to be just noticeably different bears a constant ratio 

to the standard stimulus. The Weber fraction, which puts this more 
succinctly, is: 

AI 

T 

This states that the increment of intensity (AZ) divided by the 


standard intensity (Z) is constant. The Weber fraction is, of course, 


different for the various senses. For taste = is about .2, for cutaneous 
pressure about .15. The general correctness of this relationship is ob- 
vious from casual observation. If you enter a room lit by only one 
lamp and turn on one more lamp, the room becomes very much 
brighter than it had been; but if you add one lamp to four already 
lit, the difference is scarcely noticeable. The one-to-one ratio is well 
above the difference threshold, the one-to-four ratio is not. Again, if 
you begin to play a piano in a quiet living room, the increase in 
sound is great, but the addition of the same piano to a full symphony 
orchestra would probably not be noticed, 

Once the essential correctness of this relationship has been grasped, 
it is necessary to qualify it. The Weber fraction is not quite constant; 
it remains fairly constant in the middle vange of intensities, but 
tends to increase more and more as it approaches the extremes. Fig- 
ure 10.3 shows an actual plot of a Weber fraction from experimental 
data — the solid line. If the Weber fraction were completely constant 
the line would appear horizontal, as in the dotted line. Discussion of 


the ramifications of the Weber fraction would take us far afield, into 


some of the most sophisticated aspects of modern psychology. The 
Most important point to remember is that the size of the DL varies 
and is usually larger for more intense stimuli than for weak ones. 

Although thresholds are normally thought of in connection with 


intensity, there are also qualitative thresholds in some senses. In audi- 


tion there are absolute, terminal, and difference thresholds for pitch; 
in vision there are difference thresholds for hue. Many of the prob- 
lems are the same, but with qualitative difference thresholds Weber's 
law does not apply — it belongs to intensity alone. 

Of what significance are thresholds? They are of both theoretical 
and practical importance. The measurement of a threshold testifies 
to the variability of the theoretical threshold. There are a number of 
factors involved in this variability. among the most important of 


Which are: (1) errors of measurement, (2) periodic fluctuation in 
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the sensitivity of the receptors and, probably also, other parts of the 
sensory mechanism, and (3) fluctuations in the attention of the sub- 
ject, that is to say, in the central nervous mechanism. Threshold data 
are useful in many situations, some of which we have already indi- 
cated, others of which will be pointed out in connection with the 
discussion of the individual senses. In any situation, military, indus- 
trial, or esthetic, in which the absolute or differential sensitivity of 
people at large is important, the measurement of thresholds provides 
essential information. 

Dimensions of Sensation. In the discussion of the stimulus, the 
distinction between stimulus variables and sensory variables was 
emphasized and the nature of the stimulus variables described. We 
are now ready to describe the dimensions of sensation, often called 
the attributes of sensation. These are the ways in which any given 
sensation may vary independently and they are four in number. 

Quality. The first and most obvious dimension is quality. This is 
the unique characteristic which differentiates psychologically among 
different senses, as sound from color or warmth; and among different 
aspects of a single sense, as salt from sweet, or red from blue. It can- 
not be defined verbally; it can only be pointed to. 

Intensity. The second dimension is one with which we already 
have a speaking acquaintance, intensity, and represents the more- 
ness ” or lessness of a particular quality — a faint sound or a 
loud sound of the same pitch, a light red or a dark red of the same 
hue, a slight warmth or a great warmth. Intensity may thus vary 
independently of quality. 

Extent. The third dimension is called extent, and refers to the 
“ spread-outness ” of some sensations — how large an area of pres- 
sure, how large an expanse of blue. 

Duration. The fourth dimension is the time dimension, and we 
call it duration. It refers to how long a sensation lasts. Is it brief or 
prolonged? 

All four of these aspects can vary independently, that is without 
influence upon the others, exce 


Pt, as you would expect, at the ex- 
tremes. It is obviously possible to make an object so small that you 
cannot see it at all, and thus change quality by changing extent, but 
you do not change color by simply presenting a 29-inch square piece 
of colored paper instead of a 1-inch square piece. It is equally obvi- 
ous that duration will have some influence upon the other dimen- 
sions at the extremes, as we shall sce later, But it is still generally 
true that the four dimensions can be varied independently. These 
four aspects are ordinarily sufficient to describe psychologically any 


"y 
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sensation, leaving out the perceptual aspects of meaning and feeling. 
Thus, if you are looking at an orange, what we choose to call the 
sensation can be described as a certain extent of yellow-red of me- 
dium intensity which endures quite some time, if you choose to look 
at it. Whether you know what it is, where it comes from, what peo- 
ple normally do with it, and whether you like it — these things are 
irrelevant to a purely sensory description of it. 

Physiological Correlates. It is of some interest to inquire into 
the possible physiological correlates for these psychological dimen- 
sions. Quality does not reside in the object but in the organism. No 
object is ever red; but an individual looking at an object which re- 
flects the long-wave end of the visible spectrum, if the light falling 
on it contains these waves, and if the individual has normal color 
vision (and several more ifs), will see red. You already know that 
the quality resides in the organism (see p. 68), for an inadequate 
stimulus is an abnormal one for a particular sense — pressure on 
the eyeball causes one to see light, for example. There are several 
lines of evidence which lead to the conclusion that quality is depend- 
ent upon the place in the cerebral cortex which is excited by af- 
ferent impulses. If the afferent impulses do not reach the cortex, no 
sensation is felt at all, as when the spinal cord is severed and reflexes 
are present but there are no sensations from the legs. If the cortex is 
stimulated electrically, certain sensations result from stimulation 
of certain regions. If tumors occur in particular regions, disturbances 
of a particular kind of sensations result. Special areas of the cortex 
are, then, correlated with qualities of sensation — occipital lobe 
with vision, temporal lobe with audition, and so on. We have not 
yet solved the more difficult problem of qualitative differences 
within a single sense department, but it is asumed to be a still finer 
spatial differentiation, red and blue perhaps occurring at different 
depths within the cortical layers of the occipital lobe. 

The physiological correlate of intensity has been worked out 
rather carefully. It is evident from the discussion of the all-or-noth- 
ing law of nerve action in Chapter 3, that intensity cannot be rep- 
resented by larger nerve impulses. What happens, then, if a more 
intense stimulus is applied? Two things: (1) the nerve fiber is ex- 
cited earlier in the relative refractory period, and (2) more recep- 
tors (those with higher thresholds) are brought into play. The net 
result of these two events is that more impulses arrive at their corti- 
cal station per unit time. Intensity may thus be said to be related to 
the number of impulses per unit 
at the cortex. 


time (¢.g., per second) arriving 
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Extent and duration are both more obvious and less certain. Ex- 
tent appears to be correlated with the physical extent of cortex ex- 
cited, a mere size for size translation. And duration appears to be 
correlated with duration of excitation in the proper area of the cor- 
tex. But there is little actual evidence and these assumptions are 
undoubtedly too naive to be strictly accurate. The interrelationships 
among all four of these dimensions and their underlying physiologi- 
cal correlates are exceedingly complex and it must be realized that 
the above account is highly simplified. 

Physical Correlates. The physical correlates of sensation are bet- 
ter known, although not as simple as one might expect. Psychophysics 
is the attempt to state these relationships between the stimulus 
(physical variables) and the sensory variables. It may be taken as 
axiomatic that there is no one-to-one correlation between the two, 
either for quality or intensity. For quality, the physical correlate 
is the kind of stimulus. Electromagnetic radiation of certain [re- 
quencies, commonly called light waves, gives us visual qualities, vi- 


brations of certain frequencies, commonly called sound wave 
us auditory qualities, and so on. Within the visual system itself, 
quality (redness, blueness, etc.) is generally correlated with wave— 
length, but this is true only within certain limits of energy. Inten- 


give 


sity, as a psychological dimension, is correlated with energy in the 
stimulus, but other things are important also. If an object is vibrat- 
ing at a frequency beyond our audible range, Say 30,000 cycles per 
second, no energy, no matter how great, will give it any intensity — 
it remains inaudible. The physical correlates of extent and duration 
are obvious, for we have borrowed the terms from them. Even here, 
however, extent changes somewhat with energy, bright objects ap- 
pearing larger than dim ones of the same size, and very brief flashes 
of light appearing dimmer than longer ones. Thus, we see once more 
that the interrelationships are complex. 

Characteristics of the Organism. It probably seems like a truism 
to state, at this point, that it is the characteristics of the organism 
which are ultimately the determiners of sensation. This chapter be- 
gan with a discussion of the importance of the limits of man’s sen- 
sitivities to his ability to respond to his environment. This point 
must now be expanded. In every sense department there are limits 
to man’s sensitivity. In vision, we cannot sce radiation of very short 
wavelength, the ultraviolet waves, nor can we see the infrared waves. 
‘There is a continuity of radiation from one through the other; the 
limits lie in the organism, not in the physical world. Similarly, there 
are vibrations too rapid for our ears — they lie outside our limits 
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of sensitivity. And there are temperatures too low to affect our cold 
receptors. The sensitivity of the organism determines what we shall 
sense. 

Another characteristic of the organism which determines sensation 
is the state of adaptation. With continued exposure to certain kinds 
of stimuli the organism is so changed, by adaptation, that he no 
longer senses what he did previously. The first plunge into a lake 
excites the cold receptors, but after a few moments they no longer 
respond, If one stays in a room illuminated by yellow, incandescent 
light and then observes a piece of red paper under neutral light, it 
will appear purplish. The organism is changed by adaptation, and 
this state of adaptation determines in part what one will sense. A 
third factor which will affect sensation is the presence of surround- 
ing or accompanying stimuli, A gray square surrounded by a large 
area of red will appear greenish, but the same gray square sur- 
rounded by blue will appear yellowish. Subliminal sweet on one 
side of the tongue is made perceptible by application of a sour stimu- 
lus to the other side of the tongue. Thus, the characteristics of the 
organism determine what is sensed. No stone is really warm, no ap- 
ple really red, no drink really bitter. The stone is at a particular 
temperature and whether or not it will feel warm depends upon the 
characteristics of the organism that touches it — if the temperature 
mechanisms have been destroyed by disease, or the hand adapted 
to that temperature, it will not feel warm. If the man observing the 
apple is color-blind, or has been staring at a yellow wall, the apple 
Will not be red but probably yellowish or gray in the first case and 
purple in the second. Similarly with the bitter drink. Do not, then, 
confound the sensation with the physical object. Unless they are kept 
rigorously separated, confusion results. 

Adaptation. “The term adaptation, used without a qualifier, re- 
It may be defined as a progressive change 


fers to sensory adaptation. 
o the conditions of stimulation. 


in the sensitivity of receptors due t 
Changes of sensitivity in turn may lead to a change in quality because 
certain parts of a system are more responsive than others. Figure 6.2 
shows an action-potential record of the adaptation of a photoreceptor 
under a constant stimulus. Note the decreasing frequency of re- 
sponse. A good example of visual adaptation is found upon going 
into a movie theater in the daytime. At first you can see nothing, be- 
a very high level of illumina- 


cause you are adapted to daylight 
tion, After a few moments objects become visible and you are able 
to make your way to a seat without trouble, for you are becoming 
adapted to a new level of illumination. When you again go outdoors 
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this is obvious by the unpleasantly intense stimulation which greets 
you at the door. Another example is found in the adaptation of the 
pressure receptors to rings and spectacles. One simply ceases to feel 
them after a short time. Changes in quality with adaptation some- 
times occur in smells, particularly in disagreeable ones. 

In order for adaptation to proceed with any regularity, it is neces- 
sary that stimulation be constant. If you stare at a small patch of color 
Without moving your eyes (an almost impossible feat), it will dis- 
appear, i.e., adaptation will be complete. The reason small objects 


FIG. 6.2. Action potential record of adaptation of a photoreceptor — decreasing 
frequency of response with continuing stimulation at four levels of intensity. 
(After Hartline and Graham.?) 


do not disappear in the normal course of events is that the eyes are 
almost constantly moving and stimulation thus varies. It requires a 
laboratory situation to demonstrate local adaptation of small areas. 
Adaptation to a general level of stimulation is much more usual i 

the nonlaboratory situation. All the visual receptors become more 
sensitive as daylight fades and the general ad aptation is not disturbed 
by moving the eyes because this does not change the conditions of 
stimulation. We shall soon study adaptation as it occurs in cach sense, 
but it may be well to point out here that most senses adapt, even 
pain, if the rule of constancy of stimulation is followed, A few senses 
show some peculiarities in adaptation. One of the senses Which shows 
very little adaptation, for all practical purposes, is audition, The tick- 
ing of the alarm clock is just as audible after two hours as it was 
when you sat down beside it. You m: ty not hear it every moment, but 
if you wish to discover whether it is still running, you need only 
turn your attention to it and you can hear it ticking. This is called 
attentional adaptation, for it involves attention only, not actual 
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change in the level of response of the receptors. In sensory adapta- 
tion you cannot restore the original sensation merely by turning 
your attention to it. The senses vary, then, in the degree to which 
they show adaptation and it is a very important aspect of individual 
sensitivity. In vision and in olfaction, control of adaptation is one 
of the most important variables in an experiment. 

Role of CNS in Sensation. We have already indicated to some 
extent the role which the central nervous system plays in sensation. 
In connection with each sense we shall outline schematically the 
afferent pathways by which each sends its impulses to the highest 
station in the CNS. It remains here to indicate some generalities 
Which can be expected of all or most senses. As nearly as we can tell 
at present, sensation is dependent upon excitation's reaching the cor- 
tex, although it is possible that some vague awareness may arise sub- 
cortically. Reflex responses are possible at the spinal level, but the 
individual feels nothing if his spinal cord is cut and the impulses 
cannot reach higher levels. A man who loses his occipital cortex is 
blind, even though reflex responses to light may be present. It is the 
patterning of excitation in the primary sensory areas of the cortex 
that is responsible for sensation. Response can occur below this level, 
but probably not sensation. In lower animals there appears to be 
some awareness of dark and light when the cortex is removed, but 
even here we find no response to more complex patterns. We can 
feel fairly confident that cortical patterning is necessary for sensa- 
tion, whereas perception, as we have defined it, rests upon the elab- 
oration of this excitation in neighboring areas, with the relating of 
this sensory experience to memories of other similar ones, the previ- 
ous responses and their effects. 
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Introduction. In this book we have reversed the usual order in 
which the senses are presented, as many will recognize. We have 
done so for two reasons, one psychological and one pedagogical. First, 
the student is usually so impressed with the “ major senses“ of vision 
and audition that the contributions of the so-called “ minor senses“ 
are neglected since the available facts are not so overwhelming in 
these latter fields and, therefore, by contrast, appear insignificant. Sec 
ond, it is easier to learn some basic principles of sensation, and to de- 
velop some understanding of how the senses operate, in areas where 
the known facts are not so many nor so detailed as to be confusing. 

Congruent with our opinion that the “ minor senses“ are of great 
importance in the behavior of organisms, we shall point out some of 
the ways in which they do contribute to our behavior, confining the 
discussion in this chapter to somesthesis and, particularly, to pres- 
sure and temperature. Somesthesis is a convenient word which refers 
to body sensibility — pressure, pain, warmth, and cold, both in the 
skin and in deeper tissues and viscera — but excludes kinesthesis, 
which refers to sensibility in muscles, tendons, and joints. The dis- 
cussion of pain creates some special problems, so it is treated in a 
chapter by itself, except in so far as it must be considered in a general 
discussion of somesthesis. We shall also have occasion to use the word 
cutaneous in referring to some somesthetic sense data — it means 
the skin senses, rather than deeper ones of the same name, 

The somesthetic senses can be considered to serve three functions: 
(1) they provide certain kinds of information about the world out- 
side us, and this information is different, as we shall see, from that 
provided by vision or audition; (2) they provide most of our use- 
ful information about the world inside us and are thus important in 
the perception of the self and the body image; and (3) they are a 
vital link in many drives and motives. 

The information which the somesthetic and kinesthetic senses 
provide about the world around us supplements in many ways the 
information gained through merely seeing an object or hearing a 
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sound. Texture of surfaces, hardness or softness of objects, tactual 
and kinesthetic shape all contribute a good deal to our knowledge 
of how to behave toward objects, and these cannot be known visu- 
ally, except through previous somesthetic and kinesthetic experi- 
ence. It should be impressive to the psychology student to learn that 
the ultimate definition of one of the basic terms in physics, force, is 
essentially based upon somesthesis and kinesthesis, for it means that 
Which you feel when you push against something, or something 
pushes you. Again, one of the ways in which you recognize metals 
is through cutaneous sensitivity — metallic objects feel colder than 
those of wood or paper. Conversely, one aspect of recognition of 
amples by the 


Wool is its warm feel, whereas nylon feels cold. 
score will occur to anyone if he attends to these sensations during 
the course of a day. But if normal examples do not suffice, consider 
the cases of Helen Keller and Laura Bridgman, both of them deaf 
and blind [rom a very early age. They were able to learn to utilize 
the information provided by somesthesis and kinesthesis * and upon 
this basis alone could deal with people, objects, and symbols. Helen 
Keller graduated from Radcliffe College, Laura Bridgman did sew- 
ing for profit! Neither of these women had abnormally high sen- 


sitivity in any of their remaining senses. 

It would be hard to overestimate the contribution of somesthesis 
to the perception and knowledge of the self. The cutaneous senses, 
even more than vision, define the limits of the self — one’s skin, even 
when he’s sitting on it and can't see it, is part of the self; the chair 
is not. The rather meager knowledge that most of us have about the 
part of us inside the skin comes from somesthesis and kinesthesis 
and, of course, our knowledge that something is wrong is based 
upon pressure and pain. 

In the above paragraph the emphasis was upon information alone. 
But there is the third function of somesthesis, namely, the part 
played in drives. This will be discussed more fully in the appropriate 
chapters, so that we will mention here only a few of the more obvious 
relationships. One important aspect of hunger, for many people at 
least, is a pressure-pain pattern in the stomach. Thirst, as perceived, 
depends in part upon “dryness “` in the mouth and throat, which 
is based upon somesthetic sensations. The very compelling drive to 
empty the rectum is based upon pressure in the rectum itself. Pain 
plays such an important role in driven behavior that further dis- 
cussion of it must be deferred to Chapter 8. 


* Helen Keller also had normal smell and taste. and used smell as her only distance 
sense, Laura Bridgman had very poor sensitivity in both these senses. 
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The Dissociation of the Somesthetic Senses. In the foregoing dis- 
cussion we have assumed that the four somesthetic senses are scparate 
or dissociated. This is contrary to popular opinion and, indeed, sci- 
entilic opinion many years ago held the view that general bodily 
sensation was a single sense and that pain was nota sense in itself, but 
occurred upon the excessive stimulation of any other sense. The 
evidence for the separateness of the somesthetic senses is overwhelm- 
ing, however. Pain does not result from mere intense stimulation of 
some other sense — the most intense pressure sensations do not be- 
come painful, they remain as intense pressure. But the stimulus 
which arouses intense pressure ordinarily also stimulates the pain 
receptors. The available evidence serves not only to confirm pain as 
a separate sense, but also to establish pressure, warmth, and cold as 
separate from pain and from one another. The lines of evidence are 
as follows: 


(1) Distribution of sensitivity: the skin is not equally sensitive 
throughout its area, and the areas of maximum sensitivity to pres- 
sure (for example, the finger tips) do not show the lowest thresh- 
olds for warmth or cold or pain. 

(2) Interference with nerve function: local anesthesia, nerve blocks.“ 
and anesthesia applied to the nerve itself result in the disap- 
pearance of the four cutaneous senses at different times and in 
different orders. 

(3) Electrical excitability: the four cutaneous senses have reliably dif- 
ferent excitation times. 

(4) Spinal cord surgery: an operation for the relief of unbearable 
pain involves cutting the tracts in the spinal cord through which 
pain impulses travel to higher centers. Sometimes pain is elimi- 
nated with little disturbance of sensations of pressure, cold, or 
warmth. 

(5) Pathology: in various pathological conditions one sense depart- 
ment may be lost while others remain intact. Pain alone may be 
lost, or cold only, or pressure, or warmth, A disease of the spinal 
cord, syringomyelia, frequently results in the loss of the sense of 
pain first. There are also cases on record of complete congenital 
analgesia, with the remaining senses normal. 


The evidence establishes four somesthetic senses: pressure, pain. 
cold, and warmth. It does not. however, enable us to decide whether 
cutancous, deep, and visceral sensitivity in any one of these cate- 


* Pressure on a nerve will interfere with its functioning, as exemplified in hitting 
one’s “ funny bone.” 
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gories belongs to a single sense, or two, or three. This problem is 
more difficult, and what evidence we have will be discussed under 
each sense. 


PRESSURE 


Stimulus. The stimulus for pressure now appears to be mechani- 
cal deformation of the receptor. This is normally accomplished for 
the cutaneous receptors either by the deformation attendant upon 
contact with some object, or by the bending of the small hairs which 
are scattered over most skin areas. The rate of deformation is the 
important variable in attaining threshold, rather than the area in- 
volved, as far as the skin is concerned. This is probably not en- 
tirely true for deep pressure and visceral pressure receptors, though 
the adequate stimulus for these is also mechanical deformation. Deep 
pressure is normally aroused by contact which deforms tissues deeper 
than the skin; visceral pressure is largely the result of distension, as 
in the intestines by gas and in the bladder and rectum by normal 
filling. Inadequate stimulation of pressure receptors is readily accom- 
plished by means of an electric current. 

Neuroanatomy and Physiology. The body is, thus, liberally sup- 
plied with pressure receptors, not only on the skin surface, but also 
in depth and in the lining of the various body cavities. We do not, 
however, find one single kind of receptor, but several. Figure 7.1 
shows a composite diagram of the skin and its underlying tissues. It is 
very complicated and the function of many of the structures is not 
clear. Cutaneous pressure in hairy regions (which includes most of 
the body surface) has one fairly well recognized receptor, the basket- 
like nerve ending around the hair follicle ( G in Fig. 7.1) , which may 
be aroused by slight bending of the hair itself. It is possible that there 
are other kinds of pressure receptors here. In the hairless regions, 
such as the lips and finger tips, Meissner’s corpuscle is believed to be 
the pressure receptor, largely on the basis of distribution. The re- 
ceptors for deep pressure and visceral pressure are not agreed upon. 
here are suggestions that some free nerve endings may also subserve 
pressure sensation. 

The nerve fibers of the pressure system are the large ones in an 
afferent nerve. They run with the fibers for all other somesthetic 
Senses from a given bodily area to the spinal cord, where they are 
sorted into tracts according to sense modalities. The pressure fibers 
from below the head ascend in the ventral portion of the spinal cord 
of the opposite side (cf. Fig. 7.2) to two of the posterior nuclei of 
the thalamus: fibers from the head and face are carried largely in 
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A — Merkel's discs 

B— Free nerve end- 
ings 

C — Meissner’s corpus- 
cles 

D — Pain fibers 

E — Krause’s end bulbs 

F — Rullini's endings 

G — Nerve endings 
around hair folli- 
cles 

H — Ruffini’s endings 

I — Sympathetic fibers 
innervating sweat 


glands 
J = Pacinian corpuscles 
K — Golgi-Mazzoni end- 
ings 


L — Nerve trunks 

M — Sebaceous gland 

N — Sweat gland 

O — Sympathetic fibers 
to erector pili mus- 
cle 


FIG. 7.1. A composite diagram showing the receptors in the skin and underlying 
tissues. (From Wollard, Weddell, and Harpman.17) 


cranial nerve V, the trigeminal, and terminate in the same thalamic 
nuclei. Here new fibers arise which project to the post-central gyrus 
of the parietal lobe, the great somesthetic receiving area of the cere- 
bral cortex. In this area somesthetic impulses are once again sorted 
Out into a topographical pattern. A kind of reverse body image is 
spread out on this cortical strip, with the genitals and toes at the top 
and the face at the bottom. Flectrical stimulation of the arm area, for 
example, will give rise to sensations localized in the arm of the op- 
posite side. But even here functional organization in terms of par- 
ticular senses is not wholly lost, for with cortical damage different 
senses may be selectively disturbed. 

The way in which each spinal nerve distributes its fibers to the 
periphery is of interest. Figure 7.3 shows most of the dermatomes of 
man. A dermatome may be defined as the skin area supplied with 
afferent fibers by a single posterior root of the spinal cord. We thus 
have a dermatome for each spinal nerve except the first cervical nerve. 
There are 8 cervical (C), 12 thoracic (T). / lumbar (L), 4 sacral (S). 
and 1 coccygeal nerve. The dermatome is named for its spinal nerve 
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FIG. 7.2. Diagram of the somesthetic tracts from the body. (From Netter. 9) 


and it is very convenient to be able to refer to anesthesia of derma- 
tomes L2 and g. say, in discussion of clinical cases. In abnormal psy- 
chology, one of the important criteria lor deciding whether a par- 
ticular case of anesthesia is organic or hysterical is based upon this 
concept of dermatomes. Typically, organic anesthesia is restricted to 
dermatome outlines whereas hysterical anesthesia usually is not, but 
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FIG. 7.3. Dermatome 
chart of the human 
body with new patterns 


VENTRAL AXIAL 
LINE OF LEG 


in the extremities con- 
tinuing in serial se 
quence from the spine. 
(From Keegan and Gar- 
rett. 19) 


tends to involve the whole hand or the whole foot (glove and stock- 
ing anesthesias) . 

Psychological Dimensions. Unanimity of opinion does not exist 
as to how many qualities of pressure there are. The majority opinion 
favors one quality, usually called simply “ pressure,“ which is be- 
lieved to occur with stimulation of deep as well as cutaneous recep- 
tors. Visceral pressures are described by observers competent in the 
introspective technique as “ duller ” than cutaneous pressures, which 
are called “ bright.” Whether this perceptual difference is due to 
poorer localization of visceral sensations and different concomitant 
sensations or is a genuine qualitative difference is not known. Pres- 
sure is sometimes called “ contact ” when it is cutaneous, to distin- 
guish it from the pressure arising from deeper tissues. There seems 
to be no qualitative justification for this. However, it should be 
pointed out that two different patterns of action potentials have 
been recorded from the cat's toe pad with two sorts of pressure 
stimulation. The possibility of different kinds of pressures exists but 
it is not yet clear how this applies to human beings. 

That pressures vary in intensity is obvious. The flick of a single 
hair on one’s arm is readily perceptible but the resting of a heavy 
object on the arm gives rise to a more intense Sensation of pressure. 
Thresholds are often obtained by using a calibrated series of hairs — 
horsehairs of various lengths and thicknesses calibrated on a sensi- 


tive balance. Figure 7.4 shows a mechanical apparatus which accom- 
plishes the same result more casily. 
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The absolute threshold for pressure varies considerably over the 
surface of the body. Table 7-1 shows some representative thresholds. 
It will be seen that the lowest thresholds occur on the lips and finger 
tips, the highest thresholds on the back. The actual value of the abso- 
lute threshold in any area depends, as you would expect, upon the 
method used in the determination. Using a well-controlled method, 


Table 7-1. Some Representative Thresholds for Cutaneous 
Pressure in Various Regions 


[After Woodworth and Schlosberg (13)] 


Area Threshold (gm. per mm.) 
Tip of tongue 2 
Tip of finger 3 
Back of finger 5 
Front of forearm 8 
Back of hand 12 
Calf | 16 
Abdomen 26 
Back of forearm | 33 
Loin 48 
Thick parts of sole 250 


One investigator found that the threshold on the thumb may be 
Stated as 026 ergs. 

The differential thresholds for pressure also show variation with 
the area investigated, the smallest DLs occurring in those areas hav- 
Me the smallest RL’s. The Weber fraction shows, as usual, some va- 
Mation, especially at the extremes. Figure 7.5 plots the Weber frac- 
ton as a function of intensity level for 1 to 60 grams. 

The size of both the absolute and differential thresholds is re- 
lated to the number of pressure spots found in a given area. If the 
skin surface is explored with a weak stimulus of small diameter, it is 
discovered not to be uniformly sensitive. Pressure is felt in spots, and 
15 Spots occur more frequently and are closer together in regions of 
Ow thresholds. These spots are found just to the side of the hairs 
oe they bend, (the ‘ windward side) in hairy regions, 

y over the basket endings around the hair follicles. As previ- 
„ corpuse les occur with about the same 
spots in the hairless regions. Figure 7.6 shows 
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the relation between stimulus intensity and number of spots respond- 
ing. The more intense the stimulus the more spots are called into 
play. 

The extent of cutaneous pressure is correlated rather closely with 
the extent of the stimulus, particularly in those areas where localiza- 


FIG. 7.4. The UCLA esthesiometer. The weight on the needle point is gov- 
erned by the position of the rider on the lever. The handle raises and lowers 
the needle. 


tion is sharp. Nothing is known about the extent of other pressure 
sensations. Duration is, of course. related to duration of the stimulus, 
within the limits set by adaptation, 

Adaptation. Adaptation occurs in both cutaneous and deep pres- 
sure. Data are not available for visceral pressure. Adaptation is 
readily observable outside the laboratory — we cease to feel rings 
and glasses, unless we wiggle and thereby change the stimulus, and 
even clothing ceases to be felt when one is still. Adaptation time in- 
creases as weight increases but decreases as the area stimulated in- 
creases. Table 7-2 illustrates this principle. It is often stated that 
deep pressure has a longer adaptation time than cutaneous pres- 
sure because of the fact that heavy weights, stimulating deep pres- 
sure, require a longer time for adaptation than do lighter weights 
but the fact that more intense stimuli do, in gencral, take longer 
to adapt, renders further rescarch necessary. According to one study: 
much supposed adaptation is nothing more than the cessation of the 
adequate stimulus at the receptor level. It takes some time for the 
compression of tissues to cease, so that the actual stimulation of the 


receptor continues to change after the external stimulus has become 


constant.” 


After-sensations do exist in pressure and are positive, that is, simi- 
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lar to the original sensation. One is frequently aware of them after 
removal of a ring when one docs not miss it because one can feel it. 
But it is obvious that some change of stimulus is occurring, in that 
compressed tissues are released and begin to expand. How much of 
the phenomenon of positive after-sensations is due to changes in 
receptor deformation and how much to genuine after-images is un- 
known. 


FIG. 7.5. Variation of 
the Weber fraction as a 
function of stimulus in- 
tensity. Stimulus diam- 
cter „ mm. (Alter E g 6 12 eo 
Schriever.2") I (grams) 


Localization. Localization is an important aspect of pressure, for 
pressure is essentially a “space sense” like vision. In both these 
niſicant aspect. Localiza- 


Senses, the spatial patterning is the most s 
tion of pressures, together with kinesthesis and vision, is basic to the 
development of our concepts of space and position, Accuracy of lo- 
calization varies both with region and with method employed. Table 


1.00 
80 
2 
8 
5 -60 
8 
a 
40 Fc, 76. ‘Percent ol 
spots responding with 
20 l l 8 


Various intensities ol 

stimulus (1 sq. em. 

0 1 2 5 g 10 1.2 14 1.6 area). (Alter Guilford 
Stimulus Intensity in Grams and Lovewell. 2) 


7-3 shows the accuracy of localization in various regions. Accuracy is 
greatest in those areas having the greatest sensitivity and the greatest 
density of receptors, although it is probably the pattern of excitation, 
rather than isolated rec eptors which determine the perception. Al- 
though accuracy of localization of cutancous pressures is reasonably 
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Table 7-2. Pressure Adaptation Times for Various Weights 
and Areas 


(Adaptation time in seconds) 
[After Zigler, (14)] 


Stimulus 


Region Weight in Milligrams 

50 roo | 500 | 1000 | 2000 
Back of hand | 2.4 3.8] 6.0] 6.7] 9.5 
Forearm 2.3 | 3.3 4.9 5.6 7.8 
Forehead 5.1 | 6.2 | 10.0 | 10.4 | 16.0 
Check 5:7 | 6.4 | 11.6 | 19.5 | 19.7 

Stimulus 

Region Diameter in Millimeters 

5 10 15 20 25 
Forehead 18.9 | 16.1 | 14.6 | 12.3 9.9 
Check 21.2 | 16.4 | 14.4 | 12. | Tog 


good in many areas, it has been found that pain is a little better lo- 
calized and that the two in conjunction yield even better results. 
Localization of visceral pressure is poor, at least in most people: 
Visceral pressures tend to be rather diffuse, probably partially be 
cause of the nature of the usual stimulus, but also possibly because 
one has never learned to localize them. In addition, visceral sensa 
tions are often “ referred ” (see Chap. 8) and are perceived as coming 
from some point on the body surface. Recent studies have shown that 
visceral afferent fibers have many connections to the postcentral gyrus 
of the cortex, so that one would expect, on anatomical grounds. 
rather accurate somesthetic perceptions of visceral events. It has bee! 
suggested that these impulses are normally partially blocked sub- 
cortically by the more frequent impulses from exteroceptors. In those 
neurotic states in which there is unusual awareness of visceral events: 
it may be that cortical activity has modified the subcortical block. 
Interaction. Interactions occur both between various pressure 
stimuli and between several somesthetic stimuli of different kinds- 
Summation is an important characteristic which, as Chapter 3 €% 
plained, is a function of the synapse. Spatial summation, the integra 
tion of spatially disparate impulses, does occur in the pressure sense. 
‘Two subthreshold stimuli will, if presented simultaneously at neigh 
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Table 7-3. Accuracy of Localization of Pressures 
for Various Bodily Regions 
[From Woodworth and Schlosberg (13)] 


Region Error (cm.) 
Forehead 63 
Lip | 10 
Chin | 54 
Forearm (volar) 85 
Back of hand 65 
Palm 43 
Fingertip (volar) 10 
Thigh 1.60 


boring points on the skin surface, be perceived, whereas neither one 


is suflicient alone. 
Tickle is a peculi 
pattern of pressures. 
ness or oiliness of objects or of dryness in the throat. P 
vibration results from successive stimulation of pressure receptors. 


ar effect which results from a temporal and spatial 


Pressure is also one factor in perceptions of wet- 
erception of 


250 e Pressure Sensitive 
o Pressure Insensitive 


150 


100 


FIG. 7.7. The vibration 

thresholds for pressure- 

Sensitive (dotted line)) 4. 

and. pressure-insensitive 

ae line) arcas. (After 64 128 28 = si 
eldard 22) Frequency (cps) 


Threshold Amplitude (microns) 


a 
© 


bpd “o the response of the receptors in areas with high and 
RE for pressure to both amplitude and frequency of vi- 
SaR . e 4-4 shows the sensitivity of various bodily areas to 
Seronil 5 cycles per second. It can readily be seen that the 

è sensitivities are approximately the same as those obtained 
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Table 7-4. Vibratory Thresholds in Microns of Motion 
at 120 Cycles per Second 
[Adapted from Gregg, (15)] 


Region Threshold (10 cm.) 
Forehead | 6.16 
Shoulder | 7-40 
Forearm | 6.90 
Wrist | 0.780 
Fingertip (first) | 0.370 
Trunk, Anterior (at TE 2.96 
Trunk, Posterior (at Ta) 1.47 
Thigh (L2 | 8.88 
Calf, distal side i 2.96 
First toe, tip | 0.838 
Sacrum | 12.3 


by Other methods. Sensitivity to vibration is highest in adolescents 
and decreases with age, particularly after 50 years of age. 

Studies of stereognosis, or tactual form perceptions, have show? 
that it is extremely poor. The clearest — or better, the least unclear 
— perception of tactual form occurs with figures having unbroke? 
outlines. Acute angles in a figure are also important landmarks to its 
recognition. As you would expect, recognition is best in areas show 
ing greatest sensitivity and best localization. 

It is apparent from experimental work on perception of tactual 
form, from a study of chimpanzees reared in darkness and from Te 
ports of cases of congenital cataract where eyesight has been restored 
late in life, that perception of nonvisual form (largely tactual and 
kinesthetic) is not the same thing as the perception of visual form. 
Someone who has first learned nonvisual forms does not always find 
it easy to identify visual forms upon first sight, that is to say, tactual 
five-pointedness is not the same thing to the Organism as visual five” 
pointedness. And normal people have great difficulty in recognizing 
tactual shapes unless they enlist the aid of visual imagery. 
upon recognition of 
aircraft-type control handles by “ feel,” both tactual and kinesthet!© 
cues being called into play. Accuracy and speed of re 
considerably, depending upon the shape of handle 


The armed forces have sponsored research 


cognition varied 
used, but in some 
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cases errors were small (12 percent), suggesting possible use of 
this sort of sensory cue to relieve somewhat the overburdening of 
Vision in modern aircraft (or automobiles, for that matter!) . 


TEMPERATURE 


We discuss warmth and cold together because of similarities in the 
stimulus and in the proper experimental controls. It must be kept 
constantly in mind, however, that the two senses are separate and 


— 
© 


FIG. 7.8. Dependence 
of frequency of action 
Potentials upon temper- 
ature in a single fiber 
of the lingual nerve of 
the cat. (Hensel and 25 30 35 40 
Zotterman.*) Temperature (°C) 


Impulses per Sec. 
a 


—o— 40° to 20°C 
— e— 20° to 40° C 


distinct — it is only for convenience’s sake that they are placed to- 
gether. The term warmth” sometimes gives trouble; warmth is 
the proper term for the sense department and for the sensation, not 
heat. The two terms are not interchangeable. Heat is a more complex 
Perception than warmth and normally results from the simultaneous 
Stimulation of warmth receptors and pain receptors. 

Stimulus. The adequate stimulus for both cold and warmth has 
turned out to be an absolute temperature, not the rate of change as 
formerly thought. Some very ingenious research, in which the tem- 
perature beneath the skin has been measured, has proved that ac- 
tion potentials in cold fibers are controlled by the actual receptor 
temperature, not by temperature gradient or change. Figure 7.8 
Shows the dependence of frequency in the aciton potentials in a 
single nerve fiber upon absolute temperature. Frequency increases 
rapidly as the temperature falls below body temperature. It should 
be noted that there is some response even at temperatures above 
blood temperature (35° to 37° C in the cat)— the dot at about 
39°, for example. The total frequency of impulses in the cold fibers 
of the entire nerve (not the single fiber, however), over the range 
of 20° to 40 G, acts as a very nearly rectilinear thermometer- 
function, the number of impulses per second representing rather 
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precisely the temperature of the stimulus. With very rapid cooling of 
the receptors, the frequency of impulses can be forced as high as 
140 per second, but it falls rapidly towards a constant end-point 
appropriate to the final temperature. With very rapid warming from 
low temperatures toward blood temperature, the impulses disappear, 
but return soon and take up the frequency proper to the final tem- 
perature. These action potentials have been followed for as long as 
70 minutes with various stimulating temperatures and they are found 


Table 7-5. Thresholds for Warmth for Large Areas 
[From data of Maréchaux and Schafer, (7)] 


Average skin temperature for whole body 


Sr | Se | $3 


slow temp. rise (.05° per 
minute) 


At beginning of Experiment | 31.5 | 30.0 22) 


At arousal of Warmth 34-3 | 34-3 | 33-6 


o 


rapid temp. rise (.17-? 
per minute) 


At beginning of Experiment | 31.7 | 30.9 | 32.0 
At arousal of Warmth 34-5 | 33-9 | 35.6 ) 


to persist unchanged throughout the entire period, showing that the 
temperature receptors respond to temperature as such, for any 
changes which occur in the temperature of the receptor are over 
within a very few minutes.“ It has also been shown that stimula 
tion applied from underneath the receptor, instead of on top, results 
in both similar action potentials and in similar sensations — the 
temperature gradient is unimportant.“ 

Another recent study showed that warmth behaves similarly, eve? 
under conditions like those of daily life where the entire body is 
subjected to changes of external temperature. Table 7-5 shows 4 
summary of part of these results for three subjects. The arousal of 
warmth occurs at approximately the same skin temperature regard- 
less of whether the temperature rise in the climate room was fast or 
slow. Even the presence of a long fore period does not change the 
results significantly. Sensations of warmth arise at an average skin 
temperature of 34° to 35° C. Various parts of the body have their 
own critical temperatures, but the point at which warmth or col 
sensations arise is relatively constant.“ 

Neuroanatomy and Physiology. The receptors for cold and 
warmth are not definitely known. They are assumed to be the free 
nerve endings of their respective nerve fibers. The excitation data 
indicate that the two kinds of receptors are located at slightly differ- 
ent depths in the skin, with the depth of the warmth receptors being 
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somewhat more variable than that of the cold receptors. The afferent 
fibers run in the lateral portions of the opposite side of the spinal 
cord, near the pain fibers (see Fig. 7-2), to one of the posterior nu- 
clei of the thalamus. From here, projection fibers arise that terminate 
in the postcentral gyrus of the cerebral cortex. Temperature impulses 
from the face travel via cranial nerve V, the trigeminus. In the cortex, 
all somesthetic sensations from one bodily area are grouped together, 
the cortex being organized according to area (topographically) 
rather than according to sense modality (functionally) . 

Psychological Dimensions. In each sense there is but one cutane- 
ous quality, cold for the cold sense and warmth for the warmth sense. 
Temperature senses in the viscera are not aroused in the normal 
course of events. Civilization has introduced us to hot and cold foods, 
but primitive man, without refrigeration or even fire and living in 
warm climates, certainly knew little of these pleasures. Warmth and 
cold can, of course, be elicited in the mouth and esophagus. It is 
sometimes said that visceral warmth and cold are duller than their 
Cutaneous counterparts qualitatively but, again, we must say that 
a possible explanation for this lies in poorer localization and differ- 
ent concomitant sensations. 

Intensity as a dimension of cold and warmth is readily observable. 
In general, temperatures above normal skin temperature give rise 
to sensations of warmth and these sensations become more intense 
as the temperature of the stimulus rises. Conversely, temperatures 
below normal skin temperatures do, in general, give rise to sensations 
of cold which become more intense as the temperature falls. How- 
ever, there are two important phenomena which modify this rela- 
tionship. 

The first limitation is imposed by the effective terminal limens, 
that point at which the stimulus temperature arouses pain. For the 
warmth sense, this lies at 50° C, at which point pain enters the pic- 
ture. For the cold sense, the effective terminal threshold is 18° C. 
Temperature sensations mixed with pain can be evoked with stimu- 
lus temperatures above and below these points, but there is some 
indication that the receptors fail to respond at all at temperatures 
above 70° C and below —10° C. Tissue damage occurs well before 
these extremes are reached. 

The second limitation is imposed by the inadequate stimulation 
of both warmth and cold by temperatures within the range of the 
adequate stimulus for the other one, that is, arousal of warmth by a 
Stimulus below skin temperature and arousal of cold by a stimulus 
above skin temperature. These effects are called“ paradoxical ” cold 
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and warmth. Paradoxical cold is the more easily observed of the two 
and frequently occurs during mapping of an area for warm “ spots 
with a small stimulus. Paradoxical cold occurs between about 43° C 
and 50°C, when the cold receptors are stimulated inadequately. 
Paradoxical warmth occurs between about 25° and 31° C, when the 
warmth receptors are stimulated inadequately. 

There is little agreement as to the absolute threshold for either 
sense, partly because of difference in experimental method, partly 
because adaptation effects are significant here, as in vision. In work 
on action potentials, it was found that some cold fibers (whose recep- 
tors had low thresholds) responded to a drop of 0.1° C below the 
neutral point (physiological zero), whereas others required as much 
as several degrees.“ The study of temperature changes for the total 
body, previously mentioned, showed that an increase of less than 
2° per minute is effective in inducing sensations of warmth. For 
small areas, the absolute threshold for warmth is reported to be very 
much smaller than this: for cold, the absolute threshold is of the 
same order of magnitude. These data agree well with those obtained 
from action potentials.’ #° The difference limen varies considerably 
with the part of the body and with the point on the scale under con- 
sideration. Table 7-6 shows the dependence of the DL upon the 
temperature of the standard. Weber’s law is said not to be valid for 
the temperature senses but, since the real stimulus at the receptor 
level is at present unknown, the point cannot profitably be debated. 

As with the other cutaneous senses, exploration of the skin with 
warm or cold stimuli of small size and moderate intensity results in 
the discovery of “ spots ” — warm Spots and cold spots. The loca- 
tion of these spots is rather reliable — more so for cold than for 
warmth. There are more cold spots than warm spots and the cold 
spots are smaller. These spots probably result from pattern of stimu- 
lation, rather than stimulation of a single receptor. 

Extent, as a psychological dimension, is of some significance. EF 
fects of stimulation are different for small areas and large ones, partly 
because of the efficient mammalian temperature-regulating mecha- 
nisms. Localization, although not precise, is accurate enough to en- 
able one to identify the area stimulated and the approximate extent 
of skin area involved. With practice, subjects can learn to localize 
rather well, better in some areas than for pressure. Duration is like- 
wise of interest, but is modified radically, within the usual tempera- 
ture range encountered, by adaptation. 

Adaptation. Adaptation occurs readily in both cold and warmth. 
The effects are somewhat different for small areas, for larger regions. 
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Table 7-6. Average Difference Thresholds of the Temperature 
Senses at Various Temperatures of the Standard 
[After Pütter, (16)] 


Temperature (°C) DL(°C) 


4 92 
6 7.0 
8 5.1 
10 3.8 
12 2.8 
14 2.0 
16 1.5 
18 1.15 
20 0.95 
22 ; 0.80 
24 0.70 
26 0.60 
28 0.50 
30 0.60 
32 0.70 
34 0.80 
36 0.90 
38 1.00 
40 1.10 


body. For the whole body 


Such as the whole hand, and for the entire 
egrees of phys- 


adaptation does occur to temperatures within a few d 
iological zero. Physiological zero is the narrow range of temperatures 
Which feel indifferent — neither warm nor cold. It is slightly dif- 
ferent for each region of the body and varies in each region some- 
what, depending upon external temperature, radiation, exercise, 
and health. 

Any wide deviations from physiological zero in the stimulus for 
the entire body cause “ blunting ” or partial adaptation; the physio- 
logical responses called into play by extreme temperatures over large 
areas are violent — shivering and sweating — because of the homeo- 
Static temperature-regulating mechanism. 
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For small stimuli adaptation is complete (even though the im- 
pulses in the afferent nerves continue) and the time required for 
adaptation increases with the area of the stimulus. There are no 
great differences between warmth and cold in adaptation characteris- 
tics. Adaptation to very small areas occurs in 12 to 35 seconds for 
warm stimuli (43° C and in 20 to 50 seconds for cold stimuli (11° 
-16° C), although the variability from spot to spot is large, de- 
pending upon the sensitivity of the receptors at the particular spot. 

Adaptation of moderate-sized areas shows results in between the 
previous two. If the fingers are placed in water held at a constant 
temperature, complete adaptation will occur only between about 
25° and 35° C. But adaptation is almost complete between about 
10° and 40° C. Adaptation of this sort results in a shift of physio- 
logical zero, so that temperatures which previously felt cold will, 
after adaptation to a still lower temperature, feel warm. For ex- 
ample, after adaptation to 10° C, 12° C feels warm, and after adapta- 
tion to 40° C, 38° C feels cool. 

Another after-effect of stimulation is the presence of after-sensa- 
tions. The after-sensations of both cold and warmth are positive. 
There is a direct relationship between the intensity of sensation re- 
ported for a spot and the duration of these after-sensations, when 
the original stimulation is held constant at one second. It is probable 
that the after-sensations are due to continuing stimulation at the 
receptor, since the temperature of the receptor changes relatively 
slowly. 

Complex Effects. The temperature senses have not been as ex- 
tensively studied as the other somesthetic senses and we, therefore, 
know less about them. The evidence as to the presense or absence of 
spatial summation effects is conflicting and has not yet been resolved. 
The temperature senses enter into certain perceptual phenomena, 
such as wetness, in addition to their importance in the regulation of 
body temperature. The perception of heat, burning heat, and burn- 
ing cold all require the addition of pain to one of the temperature 
sensations. It is a curious fact that the perception of heat can often 
be obtained by the simultaneous stimulation of warmth and cold 
receptors. It may be that the burning heat one sometimes feels when 
one puts his hand under the bath tap to test the temperature of the 
water results from the adequate stimulation of warmth and the in- 
adequate stimulation of cold — paradoxical cold. Form perception 
in the temperature senses is reported to be nil but, in view of the 
fact that localization is very poor until much practice is given, this 
result may be spurious. In addition to functioning as temperature- 
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regulating devices and as exteroceptors giving important informa- 
tion about the external world, warmth and cold are important in the 
flavor of food and also in other pleasurable experiences, like hot 
showers or open fires. 
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8 Pain 


Pain is one of the recognized somesthetic senses and is, in some 
ways, similar to the others in the same group. It, nevertheless, has 
some peculiarities which place it in a class by itself. In Chapter 2, 
the concept of equilibrium was developed at some length and it was 
stated there that much of the behavior of organisms is elicited by 
noxious stimuli. Noxious stimuli upset the equilibrium of the organ- 
ism; they are highly motivating in and of themselves and do not 
require the overlay of learning which most other kinds of stimuli 
require before they become motivating to an organism. Noxious 
stimuli typically elicit avertive behavior and assume priority over 
other sorts of stimuli. For example, the flexion reflex (Chap. 16) is 
elicited by noxious stimuli and takes precedence over other reflexes; 
or the amoeba retreats from the irritating chemical and interrupts 
its feeding. These noxious stimuli, which are so important in moti— 
vation and also in emotional behavior, usually are interpreted as 
painful. 

Pain-provoking stimuli are the most important kind of noxious 
stimuli. There are other stimuli, however, which evoke avertive be— 
havior — bitter substances and high tones, for example; so “ nox- 
ious” is not equivalent to painful.“ The noxious character of 
stimuli, of course, is derived from the avertive behavior of the organ- 
ism. There is another aspect which we call “ unpleasantness,” largely 
derived from introspective reports from human beings. With lower 
animals it is possible to study only the avertive behavior, Pain it 
self, as experienced or felt, can be studied only in human beings- 
The unpleasantness aspect of stimuli is also limited to work on 
human beings and is a different concept from pain. Most pains are 
unpleasant; but the mild pains of carbonated beverages, pepper, 
wiggling a loose tooth, and scratching an itch may be pleasant. On 
the other hand, some nonpainful stimuli are unpleasant; such as 
extremely sweet substances or intense, cloying odors. Since pain has 
these other aspects which make it different from other senses, it be- 
comes necessary to treat it differently. We, therefore, shall discuss pain 
first in its sensory aspects and then discuss its motivational and emo- 
tional aspects. 
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Pain-Receptive Structures. Many bodily structures yield pain 
upon proper stimulation. The skin is particularly well-supplied 
with pain receptors and we all have experienced the pain occasioned 
by stimulation of these end-organs as in pricked fingers, minor 
burns, and stubbed toes. Deeper tissues, lying beneath the skin, are 
also sometimes involved in these experiences. It is the skin pains 
which have been most thoroughly investigated, since the skin is 
more accessible than other structures; so most of our information 
about the psychophysics of pain is based upon skin pain. Muscles 
also contain pain receptors; witness the soreness following over- 
exercise, or after a blow upon a muscle. About muscle and joint pain 
we know very little. Other deep structures also yield pain. The 
viscera may be painful under certain circumstances — the pain ac- 
companying indigestion or appendicitis, for example; and pain 
receptors in the blood vessels may underlie crippling headaches. We 
are, then, liberally supplied with receptors for pain. 

The obvious question which occurs next is whether or not the 
pains from different structures are identical. We distinguish be- 
tween red and blue, although we group them both under visual 
sensations of color. Should we differentiate between visceral pain 
and skin pain? Are they qualitatively different, or is the difference 
merely one of location and other concomitant sensations? Skin pain 
is well-localized and it is very difficult to stimulate it without also 
stimulating pressure, cold, or warmth. Visceral pain, on the other 
hand, is diffuse and poorly localized. We cannot at present say 
whether there is more than one kind of pain, but it seems safest to 
assume that there are some differences until positive information 
is available to the contrary. 

In the past, the most prevalent terms for differentiation have been 
“ superficial ” and “ deep ” (really meaning outer skin layers versus 
viscera and deeper layers), or sharp“ and “dull.” Sharp pains, 
which characteristically do not persist, are usually attributed to su- 
perficial skin areas. Dull pains, which often persist for longer periods, 
are usually attributed to receptors lying in deeper tissues or in the 
viscera. 

Stimulus for Pain. The actual stimulus for pain is not known. 
We know of many things which will evoke pain — cutting or punc- 
turing the skin, applying an electric current, bringing a hot object 
too close to the skin, putting alcohol on a scratch, and so on — but 
we do not know what it is about each one of these that actually stim- 


98855 the receptor for pain. It has been suggested that the stimulus 
or pain is anything which causes tissue damage, but this is easily 
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shown to be inadequate by a consideration of the electrical stimu- 
lus, which does not damage tissue at intensities sufficient to evoke 
pain. It is possible also to damage tissue without evoking pain (sub- 
painful sunburn is an example). Finally, in a study of a large num- 
ber of men who had just received war injuries, no relationship was 
found between the severity of the wound and the amount ol pain it 
produced. We must conclude that pain has no single adequate stimu- 
lus, as do other senses. Mechanical, electrical, thermal, and chemical 
stimuli all produce pain, apparently adequately; but we do not know 
what the factor is in each of these which excites the receptor. 
Receptors. The receptors for pain are free nerve endings — 
type 1 in Figure 6.1 since they are neither specialized themselves nor 
do they have specialized epithelial cells. The nerves subserving pain 
branch profusely as they enter the general area of their termination, 
spreading out over a large area (often several square centimeters). 
The branches lose their myelin sheaths, if they had any, and also 
the neurilemma, and become very fine, intertwining and overlap- 
ping with the terminals of other pain fibers. Any given arca of 
skin is thus innervated by the terminals of a number of nerve fibers. 
The pain receptors in muscles and in the viscera and blood ves 
are also thought to be free nerve endings, although the pain recep- 


tors in the viscera must be different in some ways from the more 
familiar ones in the skin because they seem to be more selective. 
In abdominal operations under local anesthetic, it has been found 
that certain of the viscera can be pinched, cut, or burned Without 
evoking pain. But they respond vigorously to distension or pulling. 
The uterus apparently can be cut and burned without pain, but 
strong contractions cause great pain. The intestines can also be 
handled, cut, or burned, but they become very painful upon disten- 
sion and are easily irritated by chemicals. What the differences are 
between pain receptors in the viscera and those in the skin are un- 
known at present. 

Neuroanatomy and Physiology. The pain system has, as we saw 
in Chapter 6, its own receptors, its own nerve fibers, and its own 
pathways within the central nervous system which we must now ex- 
amine more closely. The nerve fibers themselves are mostly small 
myelinated fibers conducting at a rate of 6 to 30 meters per second. 
These nerve fibers (except from the head) travel to the dorsal roots 
of the spinal cord where their cell bodies are located. The axons 
enter the cord and terminate on cell bodies in the posterior horn. 
The axons arising from the latter cells cross to the opposite side at 
the same level at which they enter the spinal cord. They there turn 
upward and run without Synapse to the tectum and thalamus. 
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Pain from the head follows a different course. In common with all 
sensation from the head, it is carried by cranial nerve V, the trigem- 
inus, but reaches the same tectal and thalamic terminations as pain 
from the rest of the body. Some pain fibers terminate in a ventral 
nucleus of the thalamus. From here their course is uncertain. This 
nucleus of the thalamus has cortical projections to the post-central 
gyrus, so it is probable that, in part, pain finds its cortical representa- 
tion with the rest of the somesthetic sensation. This nucleus also has 
connections to the hypothalamus, which may account for the ease 
with which pain arouses emotional response. 

Pain also finds representation, without thalamic relay, in the fron- 
tal part of the old brain. These are the fibers which are interrupted 
in the frontal lobotomy operation for intractable pain, which ap- 
parently removes the insistent quality of the pain. Whether or not 
these two cortical loci are separately responsible for pain as an infor- 
mational sense, and pain as emotion-producing, is pure speculation. 

Psychological Dimensions. Quality of pain has already been 
mentioned briefly in the discussion of pain from various bodily 
structures. Within any given general structural division — skin, 
muscles, tendons and joints, or viscera — there appears to be but 
one quality, which we call simply pain. As far as difference in quality 
between pains from various bodily structures is concerned, we have 
already indicated that we do not have sufficient information to judge. 
It is very difficult to judge pain quality because of the fact that other 
senses are almost always aroused at the same time, creating quite dif- 
ferent total perceptions; and there also are great differences in the 
Sharpness of localization possible in different areas. Another dif- 
ficulty which besets experimentation is that the production of pain 
causes chemical changes in the tissues, which modifies subsequent 
effects. 

Intensity is the most obvious psychological dimension in the sense 
of pain, but little experimental work has been done upon it ex- 
cept at threshold levels. It is not easy to find subjects who are will- 
nor is it easy to be objective about it even 
As in all psychophysics, thresh- 
, among other things, 


Ing to bear intense pain, 
if one is willing to serve as a subject. 
old measurements vary considerably depending 
upon the method used, the area, and the number of subjects used. 
Table 8-1 gives some representative thresholds for several kinds of 
stimuli. 

Duration of a pain is likewise easily appreciated. & pain may 
be as brief as a pinprick, or it may last for years. An itch may result 
from sequential stimulation producing brief pains which are close 
to threshold. 
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Table 8-1. Representative Pain Thresholds 


Kind of Stimulus Threshold Kind of Pain 
Mechanical 1.7 gm. (av.) cutaneous 
(sharp needle) C) 

Thermal 182-302 cutaneous 
(radiant heat) (8) mce./sec./cm.? 

Thermal 18°C cutaneous 
(cold water) (°) 

Electrical ( 25 volts cutaneous 
Chemical 12 percent sol. cutaneous 
(Potassium chloride) (i.) 

Ischemia (4) 30-80 contractions muscular 


Extent of pain is not as easy to assess because of the fact that 
localization is relatively sharp in some areas and very diffuse in 
others. Nevertheless, one can distinguish between a pinprick and 
a blow that causes the entire arm to ache, or between a small pocket 
of gas in the intestine or an all-encompassing stomach ache. These 
four dimensions — quality, intensity, duration, and extent — en- 
able us to describe pain in the same way that w 
senses. The total perception is, of course, colored |} 
sensations. Fears, expectations, and various autono 
responses make the observation of pain, under b 
and laboratory conditions, exceedingly difficult, 

Adaptation. Some pain shows adaptation 
sensations. At least cutaneous pain adapts. If you 
in a plaster cast, and a needle is thrust into it, 
will gradually lessen and at last disappear. If you 
if the stimulating object moves, a change in the position of the needle 
occurs, and the stimulus is then not constant, Under these circum- 
stances pain will recur; and it will also reappear when the needle 
is withdrawn. If the stimulus at the receptor is Perfectly constant. 
the receptor adapts. Pains from radiant heat and radiant cold also 
adapt. 

About adaptation of internal pains we do not know, Maybe they 
adapt under proper circumstances; maybe they do not. Outside the 
laboratory painful stimuli are rarely constant. One moves, breathes, 
and digests; all of which disturbs tissue relationships, Our various 
visceral activities continue more or less uninterruptedly, Perhaps these 
continuous activities are the factors Which induce some of our con- 


€ describe other 
y accompanying 
mic and somatic 
oth nonlaboratory 


just like most other 
Warm is immobilized 
the pain which arises 
1 move any muscle, or 
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tinuous aches and visceral pains. Perhaps such pains would show 
adaptation if we could control this activity. At the moment we can 
say only that some forms of superficial pain show adaptation; some 
forms of deep pain seem to persist. 

Localization. Reference has already been made to the localiza- 
tion of pain, but the problem should be considered in greater de- 
tail, As with the other skin senses, if the skin is explored with weak 
stimuli, pain spots ” will be found scattered here and there among 
areas of lesser sensitivity. These “spots” cannot result from the 
stimulation of a single receptor, as in touch, because of the complex 
spreading and intertwining which occurs among the free nerve end- 
ings of pain fibers. Rather, they are thought to correspond to the 
Most sensitive branches of a neuron’s terminations. 

Localization itself is thought to depend upon the pattern of neural 
excitation. The prick of a needle at a given point will excite a branch 
of one neuron strongly, of several others less strongly, and a pattern 
of excitation results. This pattern is interpreted as a definite point 
on the skin. Localization is rather accurate on the skin. An average 
error of localization of 3.6 millimeters for pricks on the back of the 
hand has been reported — slightly smaller than that for touch. But 
Pains from deeper tissues are not well-localized as far as we know, 
although they are difficult to investigate. Localization in both muscle 
and viscera appears to be gross. ; 

Interaction. The experimental evidence for spatial summation 
effects in pain is conflicting, but it appears that two weak pains close 
together on the skin (within the two-point limen) summate to give 
a more intense one.* An intense stimulus may induce hyperalgesia 
ina surrounding area, a condition in which the threshold for pain is 
lowered so that even a light touch may be painful. It also is true that 
under certain conditions one weak pain may mask another of ap- 
Proximately equal intensity; presumably this is something more 
than mere distraction. What the relations are among these phenom- 
ena and what accounts for them are matters for future research. 

An effect of some practical importance is the relationship between 
Pain and muscular tension. Relaxation appears to raise pain thresh- 
olds, tension seems to lower them. If you can learn to relax in the 
dentist’s chair, you will feel less pain; tensing your muscles and hold- 
ing tightly to the chair will make the pain worse. 

Pain as a Medical Problem. Headaches are so common a form of 
pain that they are of general interest. Nearly everyone has one oc- 
casionally, some individuals have them frequently and very severely, 
and others have them almost constantly. There are so many possible 
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causes that it is often difficult to find the responsible one in any 
given case. They may accompany indigestion, sinus infections, virus 
infections, or even tenseness and anxiety. One common cause for 
headaches is distension of the cerebral arteries, and, frequently, it is 
the aftermath of tension and worry. Administration of a drug which 
contracts the arteries usually will relieve headaches of this sort. The 
nerve impulses associated with headache are carried in the pain fibers 
of cranial nerve V, the trigeminus. 

There occur cases of severe chronic pain which often become 
worse and involve more and more of the body as time goes on. A 
particular kind of severe pain, an intense burning with certain other 
symptoms, is called causalgia. If unchecked it tends to spread, as 
from one toe to other toes, and then to the other foot. These long- 
continued pains (often with no obvious ¢ 
come worse and to spread are almost cert 


ause) which tend to be- 
ainly not receptor problems. 
They probably involve reverberating circuits in the ce 
system (cf. Chap. 16). Once these are established. 
some minor injury, they seem to be self-sustaining and to recruit 
other neighboring neurons, causing the Spread of the pain. If these 
pains are interrupted by local anesthesia or surgery early in their 
development, they may not recur. The More severe, widespread, and 
long-continued the pain, the more damage it does to the rg anism. 
8 0 0 eo causes 3 contraction, which may seriously reduce 
ood su to an area, thus causing i . s 
8 ie has been shown to intitle win tins 1 
Severe pain is avoided by the organism whene 5 idney pace 
avoidance is not possible, it induces pisici possible vut : 
F raf ae 5 5 Sical changes in the 
organism of a far-reaching nature and eventu z 


ntral nervous 
frequently by 


ally anatomical changes 
In addition, emotional 
with only a mild head- 
mate step in the avoid- 
be 0 
ated 3 People who annually take 
ated in large part b < rene 
pain of long 


result (cf. Chap. 1: Structure and Function) , 
behavior is changed. The man in pain, even 
ache, is apt to be irritable or gloomy. The ulti 
ance of pain is suicide. Many of those 
their own lives appear to be motiv. 
standing. 

Factors that Reduce Pain. Of interest is 
upon pain. An analgesic is a substance whicl 
producing unconsciousness. Aspirin is such 


an analoes; 
. ; 5 1 esic r T- 
phine in small doses, codeine, and m ƏSSIC, as are mo 


substances. The 
a physician and be 


most cases ; : 
St cases in reducing the 


asickness 
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effective if administered before pain occurs. The n i eee mug h TUNE 
uld analgesics, like 


powerful analgesics, which must be prese 
used with caution, are quite effective in 


severity of pain. Like remedies for se 
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aspirin, which we prescribe for ourselves for headaches and mild 
pains, are apparently effective for such things, but they produce little 
measurable effect upon the threshold for cutaneous pain. It is pos- 
sible that we have here an example of difference in response between 
cutaneous and deep pain. 

s which decrease our experience of 


There are many other factor 
pain. Most of us have had the experience of being injured in some 
o which we were attending rather 


fashion during strenuous activity t 

completely and not realizing until later that actual injury had oc- 
15 e . . 

curred, This is largely a matter of attention; even pains that are 


more or less continuous and intense can be reduced in apparent in- 
tensity if we attend to something else. 

Another method of reducing apparent pain is hypnosis. It has 
been demonstrated many times that hypnosis can entirely eliminate 
pain in many individuals, sometimes for only short intervals after 
the hypnotic session, but sometimes for days or even weeks. Probably 
one of the most significant therapeutic uses of hypnosis is in the con- 
trol of intractable pain, that is, severe pain of long-standing which 
cannot be relieved by drugs- Hypnosis has even been used instead of 
an anesthetic in some major operations and one might ask why it 
is not so used more frequently. Ideally, it might be preferable to 
most commonly used general anesthetics because of its safety and 
because of the absence of unpleasant side-effects. The reason for its 
infrequent use is to be found, in all probability, in the mores and 
taboos of our culture. Had ether not been discovered at just the 
time it was, hypnosis probably would have been employed exten- 
sively. Its first successful use in surgery occurred just before the dis- 


covery of ether. 

Closely related to hypnosis controlled by an operator is self-hyp- 
nosis, or autosuggestion. Although it is much more difficult to con- 
vince ourselves that a pain does not exist than it is to let someone 
it is possible to indulge in at least a certain degree 


e that this phenomenon serves to ex- 


else convince us, 


of self-hypnosis. It is probabl 
plain some of the feats of the fakirs of India who apparently can ren- 
der themselves insensitive or less sensitive to pain at certain times. 
} One factor which seems consistently to reduce reactivity to pain 
is muscular relaxation. Later, when we consider some of the charac- 
teristics of muscular tension and some of the behavior which it fa- 
„ we shall find that anxiety is one of the prominent symp- 
"i 8 0 with marked tension in striated muscles. Conversely, 
anxiety tine of tension in these muscles is reduced, so too is the 

: e same appears to be true for pain and for reactivity to 
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other stimuli. Some work indicates that sensory thresholds are raised 
under conditions of extreme muscular relaxation, but these findings 
need verification. 

Reactivity to pain also is reduced when one is under the influence 
of sedatives, that is, drugs that depress the CNS, and if sedation is 
carried to the point of stupor and sleep the pain threshold itself 
is raised. General anesthetics represent the extreme effects in this 
class of drugs, but many a ship's doctor will confirm that alcohol is 
a good substitute if no general anesthetic is available. 

Factors that Increase Pain. At least two factors may be cited that 
lower our pain threshold: inflammation of tissue, or an inadequate 
blood supply in a particular part of the body. Any inflamed area, 
such as produced by a sunburn or an infection, will show a lower 
pain threshold. And, strangely enough, when blood supply is mark- 
edly reduced (that is, when ischemia occurs) in a given body area 
it will become hyperalgesic. Witness your own sensations when, as 
you probably describe it, your leg has gone to sleep.“ You mean 
that you have inadvertently interfered with the blood supply; and 
stimuli within the leg itself, to which ordinarily you are insensitive, 
now become quite painful. In case your own arteries are so well 
protected that you have never experienced this se 
demonstrate it to yourselves quite easily by a 
to an arm just above the elbow. Movements of 
will soon become painful. This is called ischemic pain (cf. Table 8-1). 
in one place is fe cur at a particular — 
body cece It is common pee das în 9 8 ea fe ne 

‘ y ee cart condition 
known as angina pectoris the parn 15 referred to the shoulder and 
underside of the arm. And low back pain may be referred in 


erus, making 


Nsation, you can 
pplying a tourniquet 
the fingers and wrist 


number of different organs, including colon and ut 
diagnosis difficult for physicians. The pain typically is 1 
that area of the skin whose nerves enter the spinal cord ee es 
place as those from the visceral organ in question, The sim i 1 e 
planation of referred pain is that the visceral pain Aber 15 T 5 
the same secondary neurons in the spinal cord as do iha ‘ee A z 
pain fibers. Localization, therefore, is confuseq and the 5 
reference usually is dominant, probably because we have 1 
experience with cutaneous than with visceral pains nad more 

Reaction to Pain. “To explain many complex 
nomena arising in the study of pain, it has been usef 
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some people take it as a matter of course whereas others make a fuss 
about it. A study which compared the responses of normal and neu- 
rotic individuals to pain in an experimental situation showed that, 
although their pain thresholds were similar, the neurotics reacted 
to it more and would not bear as much of it.? The reverse phenom- 
enon occurs after an operation called prefrontal lobotomy. This is 
an operation in which nerve fibers leading to and from the prefrontal 
lobes are severed from the rest of the brain and which is performed 
sometimes for the relief of unbearable pain. When questioned after 
such an operation, the patient often admits that his pain is still there, 
but that it no longer bothers him; and he often is able to carry on 
daily activities of which he was incapable before the operation. The 
sensation of pain and the reaction to it are, thus, not the same and 
reaction cannot be used as an indicator of amount of pain. We must 
depend upon psychophysical measurements for the description of 
pain. 

Pain, Feeling, and Emotion. Is pain the opposite of pleasure? Is 
pain an emotion? Is pain a feeling? In the first place, pain is primarily 
sensation. We interpret such a sensation; that is, we perceive pain 
—and the perception itself is the “ feeling.” But over and above 
this perceptual aspect of pain is another quality of experience. We 
often say, during the perception of severe pain, that we are excited, 
we are emotional, or we are overwrought. What do we mean by these 
words? Actually, as we shall find in our study of emotion, there is 
Not much agreement about what we do mean. This much is certainly 
true, however, pain arouses the autonomic nervous system, When we 
perceive intense pain we turn pale, we perspire freely, and many in- 
ternal changes take place, all of which are autonomic responses. The 
autonomic nervous system influences responses of smooth muscles 
and glands. Some of these responses set up nerve impulses which are 
in turn carried to the cortex and are again perceived, sometimes as 
Secondary pain, more often as drawing, pulling, lumps in the stom- 
ach, feelings of swelling, or other feelings of distress. 

A more detailed consideration of what this means will occur in 
the chapter on emotion, where we shall find that pain may have 
distinct emotional components in addition to its perceptual char- 
acter; and we shall find that it is different from, but not necessarily 
“ the opposite ” of, pleasure. 
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9 | The Proprioceptive 
Senses 


This chapter is concerned with proprioception. If you will refer to 
Table 7-1, you will see that proprioceptors are an important class of 
receptors. They are those sense organs located in muscles, tendons, 
and joints, and in the nonauditory labyrinth or inner ear; they re- 
spond largely to bodily movement. The muscle, tendon, and joint 
senses are collectively called kinesthesis. They are related because 
they are normally stimulated together and cooperate closely in the 
control of movement. The senses which depend upon receptors in 
the nonauditory inner ear (the vestibule) are sometimes called the 
labyrinthine senses. We shall refer to them collectively as the vestib- 
ular sense. Here, also, one finds a number of different receptors 
with different characteristics of response. They are all stimulated by 
head movements of various kinds and give rise to a number of im- 
portant reflexes. They are of great importance in both static and 
dynamic balance. 

It is dificult to illustrate the importance of proprioception with- 
out resort to gross abnormalities or to animal experimentation, be- 
cause proprioception is in a large measure “silent,” at least as far 
as adult awareness is concerned. Hold your arm out straight at 
Shoulder height and move the forearm back and forth several times, 
attending to the “feel.” There is not a great deal of information, 
Psychologically speaking, and the most prominent sensations are in 
the elbow joint and in the pinched or stretched skin, but you know 
Where the arm is and what it is doing. Whoever doubts the im- 
portance of these sensations has but to watch a person with tabes 
dorsalis (destruction of the kinesthetic neurons of the spinal nerves 
by tertiary syphilis) trying to walk. He can walk only by watching 
his feet because he has no other way of knowing where they are. The 
walk is very poorly coordinated and the feet slap — it bears little 
resemblance to the normal, springy gait of one whose kinesthesis is 
ritate. It is not only in the control of movement that kinesthesis is 
involved but also in the sense of position. Knowledge of position 
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is part of the information which the nervous system must have to in- 
itiate accurate, appropriate movements because the direction, force, 
and speed of movement depend partly upon where the limb was at 
the beginning of the movement. In addition, kinesthesis is involved 
in many reflexes having to do with posture, walking, balance, and 
coordination, and in the learning of motor skills. 

The vestibular sense is involved in reflex behavior which is basic 
to maintenance of muscle tonus, to proper adjustments to vigorous 
movements that tend to throw the body off balance, and to displace- 
ment or rotation of the head. Maintenance of muscle tonus is neces- 
sary for prompt and adequate response — a flabby muscle is not ready 
to respond. A vigorous movement tends to throw the body off balance 
and preparation for meeting this emergency is in part the 
the vestibular senses. Turning the head sharply, 
wise subjecting the head to rapid accelerations se 
ments through the vestibular mechanisms. In no 
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ts up reflex adjust- 


rmal life, these re- 
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a good deal of distress. Seasickness is largely a result of stimulation of 
the vestibular mechanisms and it can be crippling temporarily. A 
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nally, vestibular reflexes can cause the pilot fl . 
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Kinesthesis may be deſined as that group of senses inv 
perception of movement and position, and whose receptors are lo- 
cated in the muscles, tendons, and joints. There are 1 tee 8 
different kinds of receptors involved in these Senses and tl oe ae 
for each is somewhat different. It is not, therefore, oe ae ni 
tempt to discuss stimuli apart from the d of 5 


olved in the 


iscussion 
and their central nervous connections. 


Within the muscle are found specialized fibers Which d 
` ‘do not con- 


tribute to the actual contraction of the muscle but 
i carry the two 


types of muscle spindle receptors. The so-called primar f ime 
from the muscle spindle is the large fiber connected 5 Terent fiber 
spiral ending. The so-called secondary afferent, saath. a annulo- 
the muscle spindle innervates the flower-spray ending Stas a 

. * ) 1ese 
action of the muscle but 
se kinesthetic rece 


may be seen in Figure g.1. It is not the contr 
its stretching which is the stimulus for the 
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Table 9-1. Summary of Mammalian Proprioceptive System 
[After Lissman, (1950) 


muscle spindl 
(resting discharge) 


l stretch 
active contraction: (passive or by 
J antagonists) 
isotonic isometric 
ah i increased discharge 
resting discharge increased discharge (primary and secondary) 
abolished (primary endings) endings 
(secondary endings) | 
EA of move- reinforcement, stretch reflex 
ment resistance reflex 


carrying loads 


tendon organ 


tension, high threshold 
(active or passive) 
i 
inhibition 
(lengthening reaction) 


Both kinds of muscle spindle receptors show a resting discharge; 
that is, nerve impulses of low frequency occur in the afferent nerves 
When the muscle is at rest. This resting discharge is modified by what 
happens to the muscle — it increases in rate if the muscle is stretched, 
it may cease completely if the muscle contracts. These receptors are 
responsible for the stretch reflex (cf. Chap. 16). 

A different kind of ending is found in the tendon. Figure 9.1 
Shows the location of the tendon organ. It is embedded in a bundle 
Within the tendon and is innervated by a large-diameter fiber. These 
receptors are stimulated by tension and they, therefore, respond 
when the muscle contracts, putting tension upon the attached ten- 
don. The threshold for these receptors is rather high, about 100 
umes that of the annulo spiral endings. The tendon organs are as- 
sumed to be responsible for the lengthening reaction found in de- 
cerebrate rigidity (cf, Chap. 16). In any stretch or contraction of a 
muscle a particular pattern of proprioceptive impulses will arise, de- 
pending upon the relative activity in each of the three kinds of re- 
E Soka the pattern upon Pme we depend for our 

g-1 shows some of these relationships. 
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The fourth type of kinesthetic receptor is the Pacinian corpuscle. 
which is found abundantly in and near the joints. It may be seen in 
Figure 7.1 In the deeper tissues under the skin. These receptors re- 
spond to pressure upon them, such as occurs when a joint moves. Lit- 
tle is known about joint sensitivity, but it is probable that other 
receptors are also involved. Pacinian corpuscles, in common with 
other kinesthetic receptors, show a resting discharge and little evi- 
dence of adaptation with moderate stimuli over long periods of time. 


Secondary 
afferent 
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(efferent) 


FIG. 9.1. Schematic diagram showing innervation of 


5 muscle spindle 
and a tendon organ. (Redrawn from Kuffler and Hun 


t. 20 
In this respect the Pacinian corpuscles, although responding to pres- 
sure, are unlike the touch receptors. i 

The central nervous connections of the kinesthetic r 
poorly understood. There are several lines of evide 
dicate that there are a number of different possible 
of crossing in the spinal cord, and connections 


eceptors are 
nce which in- 
pathways, levels 
at higher Jevels. It is 
possible, but not definitely known, that different fi 
the total kinesthetic system travel by different routes and recent evi- 
dence indicates that the spinal cord must be almost 125 
eliminate them completely. To confuse matters furth 
some suggestion that the stretch reflexes (knee jerk, 
are eliminated by a .2-percent procaine solution in th 
whereas “ position sense“ is unimpaired.? 

In the present state of our knowledge about the diverse kinesthetic 
senses, it is difficult to make definite statements about cortic 
ization. The evidence is fairly good that the receptors in t 
cle spindle, responding only to stretch, do not give rise 
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would indicate that perhaps the function of these receptors is 
entirely reflexive and their activity does not give rise to awareness. 
There are other lines of evidence, psychological in nature, which 
lead to the same conclusion. Other kinesthetic receptors, however, 
appear to give rise to potentials in the contralateral cerebral cortex. 
The area involved (the post-central gyrus) is the same as that for 
touch, The impulses arise from receptors in tendons and joints, and 
these are the senses which yield better awareness of position and 
movement than the muscle senses. 

Qualities in kinesthesis are indescribable. There is apparently no 
“feel” at all from the muscle senses. The tendon “ feel ” is that pull 
that occurs upon stretching the arm out as far as possible. The joint 
“feel” is best attended to by resting the relaxed hand on a table and 
Passively moving a finger with the other hand, slowly and gently. 
One does feel soreness in muscles after unaccustomed exercise, but 
the origin of these sensations is not known. Since they are painful, 
we would assume that free nerve endings of the pain sense are in 
some way stimulated, possibly chemically in this instance. In connec- 
tion with kinesthetic stimulation, one also has accompanying sensa- 
tions of cutaneous and deep pressure which are unavoidable, except 
in animal experimentation, where these are first eliminated. Thus, 
it is not possible to obtain threshold measurements for each kind of 
Sensitivity; in all such measurements the threshold is one for the 
activation of several or all senses involved. The patterns of activation 
will vary considerably from one kind of task to another, so that the 
results obtained are dependent upon the particular muscular task 
and may not hold for a different one. 

One of the most frequently used procedures for the investigation 
Of kinesthesis, as well as one of the earliest for the investigation of 
Psychophysical problems, is that of lifted weights. In this kind of 
Study, carefully graded weights of identical size and shape are lifted 
by the subject with the same motion and in the same fingers, accord- 
Mg to experimental plan. Differences of perceived weight are due 
largely to differences in kinesthesis and the DL’s so obtained are 
taken as kinesthetic DL’s. The DL increases from about 3 grams at 
a standard of 25 grams to about 50 grams at 600, showing fair ap- 
Proximation to Weber's law.t The DL depends also upon the part 
of the arm used for the lifting motion. It is higher for the wrist 
than for the elbow and least for the shoulder. The shoulder also has 
been shown to be a very sensitive joint in threshold to both passive 
and active movement. The absolute threshold for passive movement, 


9 E gó 875 y 8 . g < 
at a rate of .3° per second is about .§° Other joints investigated 
have not been as sensitive. 
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Both these experiments indicate that it is the joint which is afford- 
ing most of the information upon which kinesthetic judgments are 
made. Further evidence comes from clinical studies where loss of 
joint sensitivity was accompanied by great reduction in kinesthetic 
cues, whereas loss of sensitivity in skin and muscle was not. These 
conclusions strengthen those based upon the physiological evidence, 
previously presented, that joint and tendon sensitivities are more im- 
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FIG. 9.2. Diagram showing rate of adaptation to a continu- 
ing stimulus. Adaptation is slowest in the muscle spindle. 
Note the single brief response of the nerve fiber without re- 
ceptor. (After Adrian.?4) 


portant psychologically than are muscle sensitivities. This in itself 
is a surprising conclusion, but there are more surprises in the field of 
kinesthesis which we shall find in due course. 

Just as qualities are peculiar in kinesthesis, so is extent. The cate- 
gory is not obvious to introspection. It may be because whole areas 
are usually involved in any stimulation; the variation of extent is 
small and localization is correspondingly poor. Duration is another 
matter, but here again kinesthesis is different from other senses. 
Kinesthetic sensations, if mild, endure for long periods of time, with 
relatively little change. 

Figure 9.2 shows diagrammatically the relative rate of adaptation 
in several kinds of receptors. The top diagram shows the rate of 
adaptation for the muscle spindle receptors; it shows little change. 
Other evidence indicates that, if the stimulation is not intense, very 
little adaptation occurs in any of the kinesthetic receptors. Afferent 
nerve fibers from these receptors show a resting discharge which is 
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then modified by stimulation. This is coupled with unusual resist- 
ance to adaptation on the part of the receptors. It would be rather 
awkward if adaptation occurred rapidly in antigravity muscles, for 
we would often find ourselves sitting down in the most unexpected 
and unwelcome places! And certainly our precision of control of 


FIG. 9.34. Kinesthetic 2.00 
adaptation: the recov- 


z= 
cry time as a function 21.75) NL e 8 
K é 3 bo — ES — 
of adapting the inten- § Pe — — — 
— 


P — o 
sity; standard time was 1.50 500 gm. 1200 gm. 4000 gm. 


minute. (After Hol- ; i 
way, Golding, and Zieg- 1 56 100 200 300 400 
ler 


Recovery Time (sec.) 


2.1 
1.9 \ 
o 
ia ‘ = N 
FIG. 9.3B. Kinesthetic 117 Nie 
adaptation: the recov- E 3 ane 
cry time as a function 15 X "es Paley 
z — . 
of adapting the dura- . sec. 


ton; standard weight 4 sec. 64 sec. 


Was 4000 gms. (After 0 100 200 300 400 500 
Holway and Ziegler.**) Recovery Time (sec.) 


Movements would be far poorer after an hour or so at a typewriter 
Or on the golf course. An attempt to assess kinesthetic adaptation was 
made by means of the lifted weights technique. It was found that 
both time and intensity were factors in adaptation. Figure 9.3(a) 
and (b) show the results in terms of the time needed to recover from 
Various exposures to known kinesthetic stimuli. The longer a weight 
is held, or the heavier the weight that is held prior to the determina- 
tion of the DI, the larger the difference between weights must be 
to be perceptible to the subject. He has, in other words, become less 
Sensitive; that is to say, he has adapted. 

After-effects are not prominent in kinesthesis, but they can be 
shown to exist, Stand in a doorway and press your arms against the 
two sides rather strongly for 30 seconds or so. Then step out into 
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the room and relax. Your arms will rise most gracefully as an after- 
effect of the previous stimulation, 

The Role of Kinesthesis in Posture and Movement. Consideration 
of the tremendous number of muscles and of muscle fibers cooperat- 
ing in any maintenance of posture and in any movement, no matter 
how apparently simple, ana of the nicety of cooperation among them 
to produce a movement which is smooth, well-timed, and of proper 
direction and force, leads one to suspect that the kinesthetic senses 
actually do a great deal of work, even though they may not play a 
large part in perceptual awareness. The kinesthetic system is not a 
simple one, involving as it does many reflexes and central nervous 
System structures. Even the maintenance of a normal resting, relaxed 
posture is not uninfluenced by kinesthetic recircuits, for tonus is 
maintained in muscles and any slight movement starts from an ap- 
propriate base. Studies in the control of movement have led to some 
extremely interesting results. That kinesthetic distance or space is 
different from visual space is not always appreciated, Judgment of 
distance by kinesthetic means makes the distance seem much longer 
than a visual distance; using a 1-inch visual standard, a kinesthetic 
dsitance seems almost 50 percent longer. 
distance is influenced by the load which is ¢ 
load, the shorter the distance which is traversed to match an un- 
loaded, standard kinesthetic distance.? It has also been found that 
kinesthetic judgment under load makes an area seem larger, makes 
an angle traversed seem more acute, makes an arc seem 11010 sharply 
curved.: 

That kinesthesis is important in the control 
questioned, but the exact role which it plays is not always obvious- 
Studies of kinesthetic reaction time — reaction time to the passive 
dropping of the arm — have reported reaction times of 
milliseconds. These are relatively rapid as f: 
times go (auditory reaction time is about 
they are not fast enough to permit voluntar 
through kinesthetic feed-back circuits. The maximum rate of re- 
ciprocal movements, as in tapping Or speech, appears to be about 
8 to 10 per second, the contractions lasting about 50 milliseconds: 
Since tapping at a rate of 8 per second really requires 16 changes of 
hand motion, the kinesthetic reaction time, if it were to serve to 
control the movements, would have to be NO More than about 60 
milliseconds, twice as rapid as it in fact Is.“ The feed-back analogy. 
at present a popular way of explaining control of movements, thus 
will not explain it. It has been suggested that the control is exercised 
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by the higher centers which merely select the desired response pat- 
tern and send the proper impulses to the lower centers involved, which 
then execute the movement. Any correction of a movement once 
under way is difficult, if not impossible. That there is some truth in 
this contention is evident in the difficulty with which a batter halts or 
changes his swing, once he has made up his mind to swing at a ball, 
even if the pitch is wide of the mark. And it is equally difficult even 
to check a golf swing, once started. One can spoil it sometimes, but 
rarely improve it; the golfer is usually aware, from the moment he 
Starts his down swing, of whether the ball will be well hit or not. 
What then does kinesthesis do in the control of movements? It is 
undoubtedly important in dealing with and correcting slow move— 
ments. It is also necessary in the learning of skillful movements. 
Probably the most important thing it does is to give prior informa- 
don about the limb’s starting position, the existing state of tonus, 
and, during the course of the movement, whether it was smooth or 
awkward and of improper force. The last of these could conceivably 
be used in learning by requiring the trial and error correction of the 
command pattern sent down from higher centers. It has been further 
Shown that sequential stimulation, as in tracking problems (used in 
Sunnery), does not evoke continuous, smooth response. To make a 
Second movement after a first is under way requires a lag of .5 sec- 
Onds.'° The rate at which corrective movements are made in a 
tracking task suggests that they must be ballistic movements de- 
Pendent upon the initial impulses for accuracy. Three investigators 
have reported that rapid movements cannot be corrected as they are 
m progress and, thus, stress the importance of the cortical organ- 
Nation of movement. . Recent studies also have shown that 
tracking can be greatly aided by improving the visual informa- 
ton given by the system itself. so that some learning of skills 
May be largely a learning to respond to minimal cues. Any means 
Which can be found to make the cues more obvious could be ex- 
pected to result in much faster learning. The learning of motor skills 
is not entirely a kinesthetic problem but involves total perceptual 
Organization. 
r Of some practical importance are studies of the accuracy of reach- 
Ing for controls. In general, reaching is more accurate directly in 
front of one and accuracy decreases as the distance from the starting 
Point increases. Individual differences are large, but accuracy and 
Speed are very highly correlated (a common finding in many psycho- 
logical functions). Average accuracy in one experiment was 3 
Inches. These findings are of importance in the design of aircraft 
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controls, the reason for the original experiments, but also have ap- 
plication in designing automobile controls and controls for industrial 
machinery. 

Kinesthesis plays a role in the maintenance of posture, as already 
indicated. One such function is the providing of information of 
where each part of the body is, and what it is doing, as a basis for 
the maintenance of posture under diverse conditions of movement 
and position. Many of the important postural mechanisms are re- 
flexive in nature and it is important for the physiological psychol- 
ogist to understand them because they are the underlying substrate 
without which normal movement, posture, and behavior is impos- 
sible. Although later discussion is essential to a real understanding of 
the significance of reflexes (cf. Chaps. 16, 18, and 19), it is necessary 
to mention the reflexes which are kinesthetically initiated, because 
these are the main functions of kinesthesis. Most of the work on 
reflex behavior has been performed on four-legged animals (mostly 
cats and dogs) and may appear to have little direct bearing on hu- 
man beings. Actually, however, these fundamental mammalian re- 
flexes are still of importance in behavior and underlie our own be- 
havior patterns. Because of the encephalization which has proceeded 
apace, studies of human beings would be of doubtful value in a 
study of reflex mechanisms. The fact that we stand on two legs in- 
stead of four, and do not have very good righting reflexes if dropped 
from a height, does not mean that a study of these will not throw 
light on how we maintain balance or recover balance if tripped. An 
important principle of reflexive behavior is reciprocal innervation: 
which was first introduced as a concept in Chapter 5. Reciprocal in- 
nervation is kinesthetically controlled and refers to reflex relaxation 
induced in the antagonist as the agonist contracts, Without some 
such provision the organism could readily get into a state of com- 
plete immobility because of simultaneous contraction of all the mus- 
cles of a limb. Reciprocal innervation is important in th 
response and is thus necessary to walking. 

A kinesthetically controlled reflex which is necessary for the main- 
tenance of posture is the stretch reflex (cf. Chap. 16). The stimulus 
is the stretch of the muscle itself (not the tendon) , The reflex re- 
sponse, the development of tension in the muscle Which has been 
stretched, is the basic postural reflex, resisting the gravita 
The crossed extension reflexes are also important. Kinesth 
in a limb on one side of the body give rise to reflex exte 
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7o N 


Kinesthesis 119 


could not, of course, flex one forelimb without making some adjust- 
ments in other limbs, for he would be thrown off balance and would 
fall. In your own walk, although you are balanced on your hind 
limbs, notice the motion of your arms — they swing so as to balance 
your body; any other motion is exceedingly awkward. 

There are other important kinesthetic reflexes, the tonic neck re- 
flexes, which arise from the neck muscles when the head is twisted 
and turned in various ways. It should be noted that these neck re- 
flexes are so called because they are initiated by the receptors in the 
neck muscles, but that the effects are felt all over the body; the 
balance of the entire body is involved. These reflexes cooperate 
closely with the vestibular reflexes and with the other reflexes in- 
volved in posture and movement. The whole complex cocperative 
mechanism is so nicely integrated and functions so smoothly that 
we are seldom aware of the fact that anything very amazing is occur- 
ring, It takes but a moment’s reflection on how different our be- 
havior would be if we had to devote our attention and efforts to 
taking care of these “ minor details“ to bring a realization that re- 
flexes are indeed important topics for study. 

A word about some of the less obvious uses of kinesthesis may be 
of interest. The first of these is the development of depth perception, 
where kinesthesis plays two roles. First, it is of some importance in 
Providing cues of accommodation and convergence, which act, within 
very limited distances, as binocular cues to depth. The second way in 
Which it is influential in depth perception is in the learning of depth 
and distance perception itself. Good judgment of depth and distance 
is not present at birth, not, at least, in the human being and closely 
related species. There is also no reason to suppose that it comes about 
through maturational processes. We learn to see depth because we 
have had a great deal of experience with seeing things and then 
Walking or jumping to them. That such judgments must be reason- 
ably accurate is easily demonstrated. You would, if there were some 
reason for it, jump from a 4-foot wall, for you can prepare your mus- 
cles so that it will do you no harm. You would not (if you are an 
average person) jump from a 20-foot wall. But you must be able to 
tell the difference! It is not intended to imply here that kinesthesis 
is the only factor in the development of depth perception, but only 
that it is an important one which is often overlooked. 

F Another rather neglected aspect of kinesthesis is the role it plays 
in the development and maintenance of the body image. One can 
perceive only when one has sense organs to underlie the process — we 
do not have immediate intuition ol objects, even if that object be 
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ourselves. We know only those things about ourselves for which we 
have senses to give us the information. Among the important ones 
are the kinesthetic senses. They inform us where our limbs are, what 
they are doing, how tense or relaxed we are, what position we are 
in, how smoothly we are performing some skilled act, how much 
effort some act takes, whether we are fresh or ured, and may even 
contribute to such feelings as optimism or depression, euphoria or 
lethargy. These sensations have always been with us, as a backdrop 
against which the play of life goes on, since birth or before. They are 
part of our memories, our images, our ideas of how to do things or 
of how well we do things. They are part of the “ self-object,” part of 
what it means to be you, and no one else. ‘They are basic to the feel- 
ing that your body belongs to you and it is impossible to imagine 
yourself without them — so impossible that most people never con- 
sider the problem at all. 

A final area in which kinesthesis is important is in the study of 
rhythm. Rhythm is important in two quite different areas, in effi- 
ciency of movements and in esthetics. Natural rhythms for bodily 
movements can be utilized to advantage in performing work with 
least expenditure of effort — walking in the preferred rhythm is less 
tiring. A full discussion of the problem would take us too far afield, 
but it may be said that it is in part rooted in kinesthesis. Rhythm is 
probably the most basic esthetic expression in the entire animal 
world. Not only do most human beings, of widely scattered cultures: 
produce rhythms of many kinds for pleasure, but a kind of rhythmic 
motion, closely resembling primitive dancing, can be observed in 
the anthropoid apes. An appreciation of rhythm underlies al] danc- 
ing and all music, although it receives varying emphases, depending 
upon other elements present. All people seem to enjoy rhythm; chil- 
dren often indulge in rhythmic movements similar to dancing, purely 
spontaneously. It is likely that one of the elements in sports which 
make them so popular is this same basic delight in thythmic move- 
ment, which can no longer be indulged in, in the purely spontaneous 
way open to children, for society frowns on such levity, 


THE VESTIBULAR SENSE 


The labyrinth or inner ear is a peculiar and complex structure 
embedded in the temporal bone of the skull at approximately the 
level of the pinna, which you probably call your ear. It is divided 
into two major parts, called auditory and nonauditory, the first hav- 
ing to do with hearing, which we shall discuss later, and the second 
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having to do with posture and balance, which we shall be concerned 
with here. The labyrinth is so named because it is a tortuous, maze- 
like cavity in the skull. It is lined with membranous canals, which 
are in turn filled with a viscous liquid, the endoiymph. All parts of 
the labyrinth intercommunicate through small openings. Figure 9.4 
shows the relationships among the parts. 


R.sac. sup. (Voit) 
N. sac. maj. 


R.vest.—cochl. (Oort) 


at.) Gang. Scarpac 


FIG, 9-4. Diagram of the inner ear, showing the semicircular canals, utricle, 


Saccule, and cochlea, together with the nerves innervating them. (Alter Hardy.) 


The nonauditory labyrinth, or vestibule, is again divided into sev- 
eral parts. They are shown schematically in Figure 9.4. The most 
Prominent are the semicircular canals, three looped, semicircular 
Structures, lying in three different planes of the head. The anterior 
and posterior canals are in vertical planes, about at right angles to 
one another and at about 45° from a plane parallel to the midline 
Of the head. The third canal is the horizontal canal. There are canals 
on both sides of the head and they are so placed that the anterior 
Canal of one side is parallel to the posterior canal of the other side. 
The other parts of the labyrinth are called the saccule and utricle. 
The semicircular canals connect to the utricle, which in turn is con- 
Nected to the saccule (Fig. 9.4). 

The stimuli for each of these three organs are best considered 
along with the discussion of the actual receptor mechanisms but, in 
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general, it may be said that all of them are stimulated by accelera- 
tion of the head — linear, angular, or both. 

At one end of each semicircular canal a small swelling, called the 
ampulla, may be seen. Within the ampulla there is a mass of recep- 
tors cells, collectively called the crista, from which fine hair-like struc- 
tures extend into a gelatinous mass, the cupula. The cupula com- 
pletely fills the cavity to the opposite wall, so that there is very little 
leakage of endolymph as the cupula slides back and forth over the 
hairs of the crista in response to rapid turning of the head. These 
structures may be seen in Figure 9.5A. The adequate stimulus for 
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FIG. 9.5. (Left) crista and cupula. (Right) diagram of macula. (After 
Geldard. 28 


these receptors is angular acceleration, such as would occur in rapid 
twirling or rotation. No matter what the plane of rotation of the 
head, one or more of the canals is in a position to be strongly stimu 
lated by the acceleration; the canal lying in the plane nearest the 
plane of rotation is always the most strongly stimulated. There is 
also some evidence that linear acceleration, and possibly position, are 
to some extent stimulating. Inadequate stimulation of these organs 
is easy by means of hot or cold water circulating in the external audi- 
tory meatus. Many people have experienced this during the removal 
of wax accumulations from the ear. The hot water circulated in the 
external canal makes one very dizzy and it is often difficult to walk 
in a straight line for a few moments. The dizziness which children 
enjoy, produced by whirling round and round, is also a result of 
stimulation of the semicircular canals, but, in this case, adequate 
stimulation. 
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The receptors in the saccule and utricle are in some ways similar 
to those in the semicircular canals. The receptors proper are hair 
cells which lie within the maculae shown in Figure 9.5B. The macu- 
lae also contain a gelatinous mass and small calcified particles, called 
otoliths, which act on the hair cells under the influence of some force 
and, thus, stimulate them. The utricle is stimulated both by the ac- 
tion of gravitational forces and by linear acceleration. The saccule 
is not as well understood, but appears to have similar functions and 
to respond to both gravity and linear acceleration. There is some 
evidence that it also may serve as either a low-tone auditory receptor 
or as a vibratory receptor or both, There appear to be greater com- 
Plexities in these structures than has been previously believed. There 
may be a number of kinds of receptors for different kinds of positions 
and movements, but their significance for understanding human be- 
havior is not clear. 

The CNS connections of the vestibular systems are both complex 
and unusual. All the receptors are innervated by branches of cranial 
Nerve VIII, the acoustic nerve, these branches being called collec- 
tively the vestibular branch. The vestibular nerve sends one branch 
to each semicircular canal, one to the utricle and, it appears, two to 
the saccule (possibly only one of these serves proprioceptive func- 
tions), The afferent fibers run in these nerves to the various vestib- 
ular nuclei in the medulla, where they synapse. Connections from 
the vestibular nuclei are mainly to the cerebellum, to the spinal cord, 
and to the midbrain. Since the cerebellum is largely concerned with 
the smoothing, control, and regulation of force of movement, the 
business that the vestibular systems have with it is obvious. The 
Vestibular nuclei have direct connection with movement systems, in 
this case the final common path. The higher connections are largely 
With the cranial nerve nuclei of nerves III. IV, and VI — those con- 
and some cells at the level of the red 


cerned with eye movements 
nucleus in the midbrain, which is also concerned with the regulation 
Of movement. We shall see soon what direct effects upon eye move- 
Ments stimulation of the vestibular system produces. 

It is interesting to note that anatomical connections to the thala- 
mus and cortex have never been described. It will be recalled that 
Sensation has been attributed to excitation of the appropriate area of 
the cortex; what, then, of vestibular stimulation? As a matter of 
fact, the vestibular “ sense“ apparently has no sensations of its own; 
995 Sensations peculiar to stimulation of any of these receptors have 
een agreed upon. One does, it is true, experience sensations when 
the receptors have been activated, but the sensations are those arising 
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from other receptors which have been subsequently or concurrently 
stimulated — the skin stretched, the muscles pulled, the deeper re- 
ceptors in ordinary tissues stimulated by the reflex effects induced 
by vestibular stimulation or by the motion itself. It would thus be 
reasonable to conclude that there are no sensations because there are 
no known cortical projections for this system, but there is some re- 
cent evidence which indicates that this may not be quite true. Corti- 
cal potentials have been recorded from the brain of the cat upon 
stimulation of the vestibular nerve or the vestibular receptors.“ 
They appear in a small area near the auditory and, also, near the 
somesthetic area and are very susceptible to anesthesia. Anatomically 
no connections have been traced. If this physiological evidence is 
confirmed, then some modification of our preceding statements will 
be necessary. In any event, the cortical representation is not the sa- 
lient thing about the vestibular system and the subcortical connec- 
tions are of major importance. 

Records of action potentials from the vestibular nerve show rest- 
ing potentials, as in other proprioceptive systems. It is on this basis 
that the semicircular canals (the records in this case taken from the 
branches serving the ampullae) are considered to be static as well as 
dynamic receptors. This basic frequency may be modulated in either 
direction. Ordinarily it is increased by ampulla-trailing rotations and 
decreased by ampulla-leading rotations, Deceler. 


ation produces the 
opposite effects, as one would expect from the 


ie other experimental 
data. The otolith organs show similar constant activity, but the modi- 


fication of pattern is more complex. 

Effects of Stimulation. As we have seen, there is no unique sen- 
sory quality associated with the arousal of the vestibular system. It 
follows that there is also no extent, no duration, and ho intensity: 
Thresholds are thresholds for arousal of reflex effects of various kinds 
or for perception of movement and are not true sensory thresholds- 
Before proceeding to a discussion of these thresholds, we must first 
consider the more prominent reflex effects of vestibular stimulation. 

One of the most prominent effects of vestibular stimulation, from 
the point of view of the observer watching a subject in a rotation ex- 
periment, is a peculiar series of eye movements, called nystagmus. 
In nystagmus, the eyes drift slowly in one direction, then jerk rapidly 
back to an approximately central position, whence the slow drift 


starts again. This sequence of movements may be cither the result of 
stimulation or of the after-effect of stimulation, 


slow drift being opposite in the two cases. It is ¢ 
mus if it is the result of stimulation. Since most 


the direction of the 
alled primary nystag— 
Situations for experi- 
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mental stimulation of the vestibule utilize the rotation chair, the 
effects of stimulation are inextricably mixed with the after-effects of 
this stimulation and secondary nystagmus is imposed upon the total 
pattern. Secondary nystagmus is the inverse of primary nystagmus. 
If the rotation is in the clockwise direction, i.e., to the right, then 
the rapid movement is to the right, the slow drift to the left. The 
after-effect is in the opposite direction. If the head is placed in un- 
usual positions, various effects are obtained, depending upon the 
canals most strongly stimulated. 

The tonic labyrinthine reflexes are important sources of proprio- 
Ceptive control. They cooperate with the tonic neck and other re- 
flexes ina pattern which is of great importance in lower mammals, 
the righting response. If a cat is dropped from a height of several feet, 
after being held with its back to the floor, it will, nevertheless, land 
on its feet; not only on its feet, but with the proper tonus in ap— 
Propriate muscles so that it can support the weight of the body when 
it lands. The first phase of this righting pattern is elicited by the 
Stimulation of the labyrinths and if the labyrinths are destroyed the 
animal cannot right itself. Once the head has been turned, in re- 
SPonse to the vestibular stimuli, then the neck reflexes (kinesthetic) 
are called into play. The vestibular stimuli also cause the forelegs to 
e extended, so that greater weight can be borne without falling, 
and the toes to spread to give a broader base and more stable balance. 
Although these reflexes are difficult to demonstrate in the human 
adult, they are present in the human infant and undoubtedly under- 
lie Much of the postural and movement behavior in the adult. The 
Preparation which is made for landing from a jump, the extra tonus 
™ extensor muscles to take the added weight, the spacing of the feet 
apart, the spreading of the arms to afford better balance, are all to 
Some degree initiated by the vestibular stimulation attendant upon 
acceleration of the body (and therefore the head). 

There are other tonic and postural reflexes which are the result of 
Vestibular stimulation. There is a general tonic effect upon the ex- 
1 motsols in general; extensor tonus is lost if the vestibules are 

yed, as by disease or operation. There are also effects elicited 
position alone, not by movement or acceleration. In experimental 
ef the supine position, with the snout elevated at about 45% 
e „ extension of the hs The position for mini- 
nee i ension of the limbs is just 180° different. In between these 
Positions occur intermediate amounts of extensor tonus. This, 


then. j 

n, is a ve 111 . 

5 5 Is a purely positional reflex and is presumed to be dependent 
Pon the utricle. 
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Rectilinear movement, particularly movement up or down, which 
does not throw the body off balance, gives rise to reflex adjustments 
of the legs. These can be observed in an elevator, especially if the 
accelerations are rapid. Upon rapid acceleration downward, the legs 
extend. The reverse occurs if the acceleration is upward. The stimu- 
lation which occurs when rotation to which one has become adapted 
is suddenly stopped gives rise to adjustments of the entire body. If 
the rotation has been to the right and the stop is sudden, then the 
rapid phase of the resulting nystagmus is to the left, the head turns 
to the right, the trunk and arms do likewise, the arms and trunk tend 
to dip to the right also, and the legs make adjustments which would 
be appropriate if the stimulation were actually primary stimulation, 
that is, the left one extends and the right one flexes, in order to keep 
the balance. If stimulation occurs with the head held in an unusual 
plane, the resulting forced movements will throw the subject vio- 
lently off balance, and he may do himself serious damage if not sup 
ported. The perception accompanying these contortions (so they ap% 
pear to the observer) is of movement of the environment, and a 
strenuous attempt to keep one’s balance. These effects are sometimes 
pronounced in flying aircraft, particularly when vision is limited or 
excluded, and the pilot has to learn that they are not to be trusted, 
as indeed they are not in any such abnormal situation as being 
hurtled through the air at high speed. If the head is inadvertently 
moved during a rapid acceleration, the effect is mu 
pilot is likely to lose all control. There are a few brave psychologists 
who are known to have tried this when in the rotation chair and are 
reputed to have been bed-ridden for several days. 

In addition to giving us vital information abou 
tion, character, and violence of mov 


Itiplied and the 


t position, diret 
ement through space, the vest! 
bule also produces reflex effects of nausea and reverse peristalsis. Un- 
pleasant as these are, there are genuine vestibular effects, not purely 
psychogenic. The topic is of widespread interest 
portance. A later section will be devoted to it. 
Thresholds. It is difficult to cite accurate thre 
vestibular stimulation. First, there are apparently 
vidual differences, so that an average figure m 
ful if a small number of subjects has be 
which is usually the case. Secondly, there are a rather laree number 
of receptors of different kinds which are stimulate 1 
and two experiments which appear to diffe 
result in stimulation of different receptor: 


and economic im- 
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S with different degrees ol 


intensities. Thirdly, there are concomitant sensations aroused which 
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are not of vestibular origin, for which the thresholds are apparentiy 
lower than are those of the various vestibular receptors. Cutaneous 
touch, deep touch, and kinesthesis are aroused by the pulling of 
tissues when the body is accelerated. These sensations are most no- 
ticcable at the points of contact with the chair or other bodily sup- 
port. Sometimes the pulling of the abdominal viscera against the 
mesenteries, or the stretching of skeletal muscles gives cues to bodily 
Motion. These factors make any actual figures cited of value for 
order of magnitude only, rather than for precise thresholds. 

The threshold itself, in any given experiment, depends upon the 
indicator of vestibular activity which is chosen, Many indicators are 
Possible. Among the most popular are perception of motion, appear- 
ance of detectable nystagmus, and the oculogyral illusion (apparent 
Movement of a faint light). Thresholds for rotation, involving pri- 
Marily the semicircular canals, are from .2° to 5° per second*. Using 
a human centrifuge ” as the rotation apparatus and the oculogyral 
Tesponse as the indicator of stimulation, thresholds of the order of 
‘12° per second? have been found for both positive and negative 
acceleration, if the exposure period is brief. Thresholds for recti- 
linear acceleration, stimulating largely the saccule and utricle, are 
More difficult to obtain. One study, using a see-saw apparatus, re- 
Ported thresholds of 1.7 to 4.0 centimeters per second. 

After-effects. After-effects of stimulation of vestibular receptors 
are puzzling. We have already suggested that some of these after- 
effects are so prominent as to interfere with study of the primary 
effects of stimulation. If a subject is rotated to the right, the primary 
response is followed by an opposite response in which the nystagmus 
1S reversed and the perception of motion is also reversed. These 
elkects are, of course, powerlully influenced by the presence of visual 
Cues, so that the subject's eyes must be closed in order to study pure 
Vestibular responses. ‘These so-called “ aſter- images are now thought 
to be the result of real stimulation, in which the cupula, in return- 
ung to position after the bend given it by the initial acceleration, 
Overshoots and bends the other way before returning to the resting 
Position, After the initial acceleration, rotation at a constant speed 
does not stimulate the semicircular canals; with the eyes closed, the 
Subject will state that he is not moving. Stopping the rotation rapidly 
ain induces vestibular stimulation by virtue of the negative ac- 
celeration, which bends the cupula in just the same manner that posi- 
We acceleration did at the start of the experiment, but opposite in 
direction, In this case, the primary effects and the secondary, or after- 
Effects, are the opposite of what they were at the start. Rectilinear 
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motion has been very poorly studied: it is reported that the after- 
effects are negative, but little is known of them. It would be expected, 
from the construction of the maculae, that reversed after-effects 
would be found. 

Adaptation. Considerable discussion, some of it acrimonious, has 
appeared on the topic of vestibular adaptation. Does it exist and, if 
so, what is its nature? There is little doubt that under many circum- 
stances habituation to motion does occur, although the reasons un— 
derlying it are obscure and there may be some situations under which 
some of the indicators of habituation do not show large changes. Ex- 
perimental investigations of habituation to rotation show that nys- 
tagmus can be eliminated by a series of trials over a period of several 
days. Similarly, with extended practice over a period of time, other 
effects of vestibular stimulation are reduced considerably, particu- 
larly all those reflex effects which accompany vestibularly induced 
nausea. That similar effects also occur in the otolith organs, as well as 
in the semicircular canals, is demonstrated by the habituation to the 
motion of the sea known as “ sea legs ” and by the disappearance of 
seasickness in many passengers after a few days. 

That these effects are not psychogenic is demonstrated by the fac! 
that the removal of one lobe of the cerebellum (and of no other por 
tion of the CNS) gives immunity to motion sickness in dogs (19) ° 
Many dogs become violently carsick when being taken for an unat 
customed ride, particularly upon mountain roads. After several such 
trips in close succession, habituation occurs and, even though greatly 
excited by the prospects of a trip, they no longer become sick. > 

Are these habituation effects true adaptation in the sensory sense’ 
They do not appear to be similar to other cases of true adaptation» 
most importantly because the effect is not immediate, it does not be 
come less the more intense the stimulus, and spacing over a period 
of several days is necessary. If the data are compared to those for 
other changes in behavior, it will be seen that vestibular habituation 
resembles learning rather closely. However, there are some differ- 
ences. After a period of disuse, no matter how great the“ practice ” 
preceding it, the usual effects of vestibular stimulation return: 
“ massed learning ” does relatively little good; finally, learning on 4 
symbolic level is not possible. 

Motion Sickness. Motion sickness is a Problem to a large num 
ber of people. It, therefore, also becomes a problem to the owners of 
transportation facilities and to the armed forces, Particularly the 
Navy and of late, the Army whenever It is forced to land men pre- 
pared for immediate battle. Motion sickness may be characterized by 
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any or all of a number of responses, depending upon the degree of 
severity — blanching, becoming chilly, sweating, queasy stomach, 
headache, feeling of enervation, loss of appetite and retching. It is im- 
portant to know both what the effective stimulus for these responses 
is and, if possible, what can be done to alleviate the symptoms. A 
number of lines of evidence indicate that the most effective stimulus 
is the vertical motion (the pitch of a ship) rather than the rolling or 
yawing, Experimental studies have shown that both duration and 
acceleration are factors. Waves of relatively long periods produced 
Sickness in more people than did waves of short periods, but the 
total energy in the wave was also important.“ ™ Anyone who has 
Sailed a small boat in the open ocean knows that the danger of sea- 
Sickness is greatest when there is little wind and a large swell, for 
then one goes forward very little, and goes up and down a great deal. 
The stimulation of the utricle is maximal under these conditions and 
the expected results occur. Sickness does occur when the semicircular 
canals are stimulated, as has frequently been demonstrated experi- 


Mentally, In daily life, it occurs upon driving a car along mountain 
normal,“ un- 


Toads. Here, again, a long period is involved. In 
Civilized life, with no mechanical contrivances to impose severe con- 
ditions, the vestibular apparatus works well — it serves its functions 
and causes no illness, for the normal head movements are brief and 
Of short period. 

There are a number of steps which can be taken to reduce dis- 
Comfort from vestibular stimulation, in addition to the common- 
Sense ones of having had plenty of sleep, a healthful diet, and having 
avoided excessive alcohol. Gradual habituation over a period of time 
IS sometimes possible, enabling one to avoid severe symptoms by 
Short exposures. Placing the head in such a position that the accelera- 
tions do not act in the vertical plane of the head (that is, lying down) 
Teduces the effectiveness of the stimuli. Fresh air and the avoidance 
f odors is beneficial, as is keeping warm. The use of drugs which are 
reasonably specific for motion-sickness, dramamine, for example, is 
Very helpful, particularly if administered before the sickness occurs. 
l remains true, however, that there are great individual differences 
n susceptibility. Some individuals were “ washed out” of flight 
taining because they could not become habituated to the motion of 
airplanes. Air travel apparently causes the greatest incidence of mo- 
tion sickness, followed by boats, and then by automobiles. In gen- 
eral, those individuals who have a history of sickness in cars, on 
wings, roller-coasters, and the like, are the ones who will probably 
also be sick relatively readily on other conveyances. Fortunately, if 
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ufficiently interested and persevering in attempts to become habitu- 


ated, most people can control these symptoms in any reasonable situa- 


t 


ion. 


Suggested Readings 


. Lissman, H. W., Proprioceptors,” Physiological Mechanisms in Aue 
mal Behaviour. Symposia of the Society for Experimental Biology: 
No. IV, 1950, Chap. 3, pp. 34-59. 

- Lowenstein, O., “ Labyrinth and Equilibrium,” Physiological Mecha- 
nisms in Animal Behaviour. Symposia of the Society for Experimental 
Biology, No. IV, 1950, Chap. 4. pp- 60-82. Ti 

- Ruch, T. C., “ Somesthesis and the Chemical Senses,” Annual Reviews 
of Psychology, 1953, 4, PP- 111-136, 

» Wendt, G. R., “ Vestibular Functions,” S. S. Stevens Ed., Handbook of 
Ex perimental Psychology. New York: Wiley, 1951, Chap. 31, pp- 11917 
1223. 


-~ 


10 | The Chemical Senses 


The so-called chemical senses are relatively neglected in modern life. 
So much of our work is concerned with listening and looking; so 
Much of our recreation depends on radio, television, movies, con- 
Certs, and plays. Few people are concerned with odors or tastes in 
their work — perfumers, tea-tasters, wine-tasters, air-conditioning ex- 
Perts, manufacturers of some food products, and the like. Fewer peo- 
ple are concerned with odors or tastes for aesthetic enjoyment — a 
few gourmets make meals an aesthetic experience and there are 
“smell ” gardens for the blind. But most of us eat to stop hunger 
pangs and plant our gardens for visual appeal. Yet the chemical 
Senses are interesting and highly enjoyable if one but takes the 
trouble to attend to them and to become sophisticated in their sub- 
tleties, 

One of the fascinating aspects of the chemical senses is the paucity 
of knowledge concerning them and the continued expectation of be- 
ung on the brink of great discovery. Even the elementary psychology 
Student can share in this, because he can readily ask questions which 
We cannot answer in the present state of our knowledge. For exam- 
chemical senses.” 


Ple, he can ask why these senses are called the 
And we answer that the stimuli for these senses are considered to be 
chemicals, If the student then complains that this is not very defini- 
s and that there are many chemicals which do not stimulate any 
Of these senses, we can only agree. If pressed further we must admit 
that we do not know what the important aspect is which makes 
Some chemical compounds effective as stimuli, but must try each 
Compound, as it is discovered or synthesized, to find out whether it 
is effective. We have some hunches as to the important aspects of 
the stimulus, but so far none of them has been experimentally veri- 
fied, Moreover, we are almost certain that stimuli do not have their 
Cect primarily by means of chemical reaction with substances in the 
Teceptor cells, so that the important reaction between stimuli and 
"ceptors in the chemical senses is not chemical at all. The chemical 
Senses are so named for historical reasons and it is not inconvenient 
as long as one is perfectly clear as to the basis for it. They have many 
Problems in common — purity and control of the stimulus; stimula- 
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tion by the same substance, in some instances, with the concurrent 
difficulty of separating the experiences psychologically; the kind of 
reaction occurring between the receptor cells and the stimulus; and 
many more. These problems make it convenient to consider these 
Senses together even though they may not really be chemical 
senses. 

There are often considered to be three of these “ chemical ” senses: 
(1) the simplest and most primitive is called the common chemical 
Sense; (2) gustation (taste) is more complex, psychologically at 
least; and (3) olfaction (smell) is highly complicated. These senses 
are not merely different aspects of a single sense department, but are 
as separate and distinct as vision and audition. There are three lines 
of evidence which lead us to this conclusion, (1) Psychological: the 
qualities are quite different — compare the experiences of the taste 
of vinegar, the odor of roses, and the bite of Pepper. (2) Physiolog! 
cal: by taking advantage of disease or injury, or by the use of nar- 
cotics, such as cocaine, it has been Possible to show that any one of 
the three senses may be eliminated, leaving the others undisturbed: 
(3) Anatomical: the pathways in the central nervous system are sepa- 
rate and distinct for each of the three senses. They should, then, be 
regarded as separate sense departments, Which are grouped together 
for discussion only because of certain common problems mentione! 
above. But we must also recognize that they are often confused in 
casual experience and that the complex Perceptions of flavor in food 
often involve the stimulation of all three senses as well as certain of 
the skin senses — pressure, warmth and cold — 
from the tongue and chewing muscles, As ev 
food is “ tasteless” when one has a bad hea 
would be a better word, for the taste receptors are still functioning 
as are the common chemical receptors. You can taste the sourness 
of lemonade but are unable to appreciate the “ lemonyness ”; you 
can feel the bite of pepper or chili, but the aroma of the food is 
gone. It is the sense of smell which is impaired, as you can quickly 
prove to yourself by holding your nose tightly and comparing the 
bare taste of vinegar and red table wine or apple and onion. In the 
following sections we shall separate flavor into 
discuss each sense department in detail. 

The Question of the Common Chemical Sense. The term “ com- 
mon chemical sense ” refers to a sensitivity, found in the mucous 
membranes in man, to certain kinds of substances, such as pepper on 
the tongue or ammonia in the nose or eyes. It is Sometimes considere 
to be distinct from the sense of pain in the nose and mouth, but re- 


3 ign 
and proprioceptio! 
eryone is well aware 
d cold. Flavorless 


its components and 


Gustation 133 


cent evidence favors the view that it is the ordinary pain system 
which is involved. The receptors are probably free nerve endings 
and the impulses travel via cranial nerve V, the trigeminus, to the 
Same nucleus of the thalamus that receives pain fibers from the head 
region, 

We do not know what aspects of chemical compounds are respon- 
sible for their ability to stimulate these pain receptors. Some com- 
Mon stimuli are: ammonia, onion, and chlorine, which have charac- 
teristic odors, but also stimulate strongly the pain receptors in the 
eye and nose, causing them to water; and spices such as pepper and 
ginger, which stimulate the taste receptors and also the pain recep- 
tors in the mouth. 

One study of thresholds for a number of substances showed that 
the chemical-sensitive receptors in the eye are more sensitive than 
those in the nose, although they are much less sensitive than the ol- 
factory receptors. Chloracetophenone, an early war gas, was the most 
Powerful stimulus studied; for the receptors in the eye the thresh- 
old was found to be .o083 parts per million of air, and for the 
Teceptors in the nose the threshold was .o21 parts per million of air.? 
Thresholds vary with the stimulus used and some substances have 
lower thresholds for the pain receptors than for the olfactory recep- 
tors. One of the desired features of war gases is that they should be 
Capable of great damage to the organism at concentrations below 
the olfactory, or even the pain threshold, so that their presence is 
Not detected until the damage is done. Such a substance is Lewisite, 
Which smells like geranium, but the odor threshold is well above 
the threshold for the pain receptors and for the formation of blisters. 
Much of the work on thresholds for chemical pain has been done by 
agencies interested in mine safety, as well as in gas warfare. In mine 
Safety, it is important to find odorous warning agents which do not 
harm or even temporarily incapacitate the miners, in order that they 
May detect dangerous leaks and escape in time, and much research 
1S directed toward their discovery. 
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The sense of taste is of interest to all of us in that it contributes 
Much to our enjoyment of food (although other senses also co— 
operate). As evidence of this, we find that in old age, as the taste 
receptors become less sensitive, the appetite fails. This is a contribut- 
Ng cause of the serious nutritional deficiencies which are often 
Hund in old people and which are important factors in their charac- 
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teristic lack of energy and lack of interest in their e sao 
Taste thresholds appear to double about every 20 years. The elang 
in the taste receptors may also be important to food ***. 
For example, one advertising campaign for a new beverage 55 
directed at young people. It failed miscrably and the company ee 
Wise enough to attempt to discover why instead of simply sea 
new advertising agency. The facts of the matter were that the beve 
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The Armed Forces are also greatly interested in 


them it is vitally important in many ways th 
chase be acceptable to the men to whom it is 
tant factor in food acceptance is the sense of t 
acceptable, it means waste of a tremendous amount of money, waste 
of good raw materials, and, even more important, the men do not 
obtain the necessary nutrients for efficiency and alertness. It has 
been found in one of the branches of the Armed Services that about 
one-sixth of the calories provided per man per day, and significant 
amounts of protein and vitamins, find their Way into garbage pails. 
So important is this problem 0 large research program is main- 
tained by the Armed Forces to 258 answers to both applied problems 
and basic problems in taste and flavor, 
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Receptors and Central Nervous Connections. The receptors for 
taste are specialized cells which are grouped together into taste-buds 
on the tongue, larynx, pharynx, and a few other spots. In children, 
they occur on the inner surfaces of the cheeks, but disappear in the 
adult. The taste-buds are most numerous in the papillae on the top 
of the tongue. Figure 10.1 shows the location of some of the papillae. 
The center of the tongue contains no taste buds and is, therefore, 
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insensitive. Each taste-bud, which looks very much like a flower 
bud (Fig. 10.2), contains a number of taste cells, together with other 
Cells which probably are immature taste-cells. The end of each taste 
Cell sends forth a slender hair-like process which is probably the sur- 
face upon which the changes occur which lead to the discharge of 
the nervous impulse. There are no obvious morphological differences 
among taste cells to correspond to differences in taste qualities, so 
We assume that differences in cellular physiology underlie different 
taste qualities. Taste buds may be sensitive to only one or to several 
taste qualities. 

The afferent fibers which innervate the taste-buds run in two 
Cranial nerves to the central nervous system. The posterior third of 
the tongue is served by fibers of the ninth cranial or glossopharyn- 
Seal nerve; the anterior two-thirds is served by fibers from the 
Seventh cranial or facial nerve. Each nerve carries impulses which 
Produce all the taste qualities. 

These nerves run to the myelencephalon where the first synapses 
are made. Fibers then run to the thalamus, the exact location being 
Uncertain, From the thalamus, projection fibers are sent to the cere- 
bral cortex, terminating at the foot of the post-central gyrus, close 
lo the general sensory mouth area and just behind the motor areas 


136 The Chemical Senses 


serving the chewing muscles. The cortical localizations for the func- 
tions dealing with the mouth are thus seen to be grouped rather 
closely together, which undoubtedly makes it easier to integrate all 
the diverse functions. 

Experimental Difficulties. Before proceeding to a discussion of 
the stimulus and psychological attributes of this sense department, 
some consideration should be given to the experimental difficulties 
involved. One of the gravest of these arises from the inaccessibility 
of the receptors. As will be recalled, the receptors are buried within 
the taste buds, which makes it impossible to stimulate the receptor 
directly. The experimenter must either ask the subject to take into 
his mouth a quantity of solution containing a known concentration 
of sapid substance, or he must place a piece of cotton dipped in such 
a solution, or a drop of it, on the tongue. In any case, it is difficult 
to estimate how much of the substance actually penetrates the taste 
pore to reach a receptor and how diluted it has become by saliva. 
Furthermore, since several receptors are grouped together in a taste 
bud, it is not possible to observe the effects of stimulation of single 
receptor cells. Even in electrical stimulation of the tongue these dif- 
ficulties are not avoided, for electric current probably stimulates, at 
least in part, by electrolysis of the saliva. Thus it may stimulate not 
only inadequately, by direct electrical stimulation of the end-organ, 
but also adequately by the formation of hydronium ions resulting 
from the electrolysis of the saliva. Hydronium ions are 
a stimulus for sour, and sour is the sensation which is usually re- 
ported when taste buds are electrically stimulated. In each of these 
cases it is the entire group of receptors Within a taste-bud, or more 
likely in a number of taste-buds, which js stimulated. And here, also. 
the hydronium ion stimulus is diluted by an uncontrolled amount 
of saliva and the electrical conductivity may also be influenced by 
this factor. Where solutions of sapid substances are used, it is im- 
portant to measure concentration very precisely and, also, to contro! 
the temperature of the solution, which ordinarily should be at 
physiological zero. In any type of stimulation, one must make sure 
that several hours have passed since the subject has taken food or 
drink and a thorough oral cleansing is in order before the start of 
experimental work, since adaptation changes thresholds. 

Stimulus. We do not know how the stimuli for gustation act 
upon the receptor. We can give examples of effective stimuli, but 
we have not yet been able to discover a precise law Which. will ei 
able us to predict the taste quality and threshold 088 
substance, or even whether it will be sapid. We 8 
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that a substance will not have a taste of any sort unless it is ap- 
preciably soluble in water and, therefore, in saliva. In order to dis- 
cuss intelligently the effective stimuli for taste, we must consider 
them in conjunction with specific taste qualities. 

Qualities. It is usually agreed that there are four primary taste 
qualities and that all other tastes are a combination of these primary 
tastes. The four primary qualities are: sour, salt, sweet, and bitter. 
They are considered to be separate qualities for a number of reasons. 

The typical stimulus for sour is an acid — hydrochloric acid, HCI, 
is an example. The H-ion is considered to be the effective stimulus, 
although other factors also enter to modily its effect, so that one can- 
Not predict degree of sourness from knowledge of hydronium ion 
concentration alone. In addition, not all acids are sour. 

The typical stimulus for salt is sodium chloride (NaCl), com- 
mon table salt. Many of the salts of low and medium molecular 
Weight taste salty. Apparently both the positive (Na+) and negative 
(CI-) ions play a part in the production of the taste quality and 
even un-ionized molecules may also be important. 

The typical stimulus for sweet is common table sugar or sucrose 
(C,,H,,0,,). But representatives of many classes of compounds are 
Sweet. Saccharin is a substance which is often used as a sweetening 
agent by diabetics or by persons requiring a restricted caloric in- 
take. Structurally it is quite different from sucrose, yet it is intensely 
Sweet (about 700 times as sweet as ordinary sugar, if pure), even 
though it is but slightly soluble in water. 

The typical stimulus for bitter is quinine. Caffeine is a common 
Substance which is typically bitter, though less than half as bitter as 
quinine. But many classes of substances give rise to the bitter quality. 
We saw that most acids are sour — but picric acid is bitter. We saw 
that salts of low and medium molecular weight were salty, but salts 
of high molecular weight are often bitter. And there is a change 


Table 10-1. Some Thresholds for Sapid Substances 
From Pfaffman, (14)] 


Substance Molar Concentration 
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Sodium Chloride 3:5 * 107 
Hydrochloric Acid f 218 
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from sweet to bitter in many homologous series as the series is as- 
cended. 

Thresholds. Threshold measurements for the four taste qualities 
are rather variable, but it is interesting to compare their sensitivity. 
Table 10-1 gives tlie results of such comparison in terms of molar 
concentration, ranked in inverse order of sensitivity. 

Let us now discuss the evidence for assuming there are four taste 
qualities. Introspective evidence is one line of evidence. When sub- 
jects are asked to describe the gustatory experiences obtained from a 
number of different solutions, with the sense of smell excluded, they 
are usually able to do so by reference to the four qualitics cited 
above. You may roughly check this yourself by holding your nose 
as you taste various substances: black coffee tastes bitter, grapefruit 
tastes sour and bitter, lemonade tastes sweet and sour, and a salted 
cracker has an overtone of salt. 

Another line of evidence comes from the differential distribution 
of the taste qualities on the surface of the tongue. The tip of the 
tongue is particularly sensitive to sweet, i.e., the thresholds are lower 
in this region than in other areas, The base of the tongue is espe- 
cially sensitive to bitter. The sides show the lowest thresholds for 
sour. These taste qualities can be evoked by stimulation in other 
areas but the thresholds are higher. Salt is apparently about as easily 
sensed in one area as in another. These differences in distribution 
of sensitivity would argue for separate sensory systems. Fürther evi: 
dence of this is obtained by narcotizing the tongue with cocain; taste 
sensations disappear serially in the following order: 
salt, and sour. 

There is also evidence that these taste systems are not completely 
independent, or at least that their interrelationships 
In one experiment, action-potentials were recorded from sinele nerve 
fibers of nerve IX in the cat, following stimulation with e 
sapid substances. Only three kinds of fibers were found: (1) those 
responding only when acid sumuli Were used, (2) those responding 
to both acid and sodium chloride, and (3) those respondine to acid 
and quinine. In the cat, few responses to sugar were obt d 
may explain why cats do not like candy, Dogs like c 
and they have fibers responding to sugar, The e 
lieves that these results are best explained by the ass, 
sensory quality depends not alone upon the e 
lar group of fibers, but upon a pattern of excit. 
gustatory system. 

Interrelationships among the taste Systems can 
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strated by the change in sour threshold which occurs on the left 
side of the tongue when a subliminal solution of sucrose is placed 
on the right side. The formerly subliminal sour becomes immediately 
perceptible when the sucrose solution is applied on the other side. 
Contrast, Compensation, and Fusion. It will be obvious from 
what has already been said that taste experiences are not usually 
simple. The phenomena of taste contrast, fusion, and compensation 
can be experienced in an ordinary meal — indeed, expert meal- 
planning takes these factors into account. Taste contrast may occur 
When substances having two or more tastes are placed in the mouth 
simultancously or successively. For example, salt seems to increase 
Slightly the sweetness of sugar. Eating salted crackers with ice cream 
is an unusual but very pleasant experience. Candy or sweet cake 
often makes tart fruit, such as grapelruit, taste more sour, which is 
equivalent to saying that partial adaptation to sweet enhances sen- 
Sitivity to sour. On the other hand, after eating sour foods one re- 
quires less sugar in his coffee. Partial adaptation to sour might be 
expected to enhance sensitivity to sweet. This is taken advantage of 
in the Chinese dish, sweet-and-sour spareribs. Compensation may 
also occur among certain tastes. Salt and sour appear to depress each 
Other, so that a salted grapefruit tastes less sour and less salt than 
one would expect. Taste fusion, in which individual tastes merge, is 
probably never complete. Although tastes do blend to some extent, it 
is ordinarily possible to analyze out the various components, particu- 
larly if odor is eliminated. For example, the bitter, sweet, and salt 
in cocoa form a nice blend, but it is possible, with practice, to taste 
the components. Also, one can obtain a reasonably good fusion of 
bitter and sweet in coffee, but the components can be recognized. 
Adaptation. As we already know, adaptation is a very widespread 
Phenomenon in sensation. For taste, we find that adaptation of single 
Papillae and small areas of the tongue is complete. For example, one 
adapts to a 5-percent salt solution on a small area of the tongue in a 
very few seconds, and, after 30 seconds adaptation, recovers in about 
30 seconds. Stronger solutions require more time for complete adap- 
tation, and slightly longer periods for recovery. Complete adaptation 
for large areas does not occur in the normal course of events, not 
€ven during the course of consuming a large lollipop. Experimen- 
tally, however, it has been found possible to attain complete adap- 
tation for the entire mouth for all four taste qualities. Table 10-2 
Sives the average time in seconds for complete adaptation to each of 
Several concentrations (weak, medium, and strong) of the four stim- 
lating substances. There are many difficulties in such experiments, 
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but we may be confident from these results that, given constant 
stimulating conditions, taste adapts completely. Duration, as a psy- 
chological dimension, is thus correlated with the duration of the 


stimulus, but the intensity gradually decreases with continuing adap- 
tation. 
Table 10-2. 


[From Dallenbach, et. al. (15)] 


Taste Modality Substance Average Adaptation-time for 5 intensities of stimulus 


I 2 3 4 5 
Sweet Sucrose 46.5 90.5 132.2 193-1 5 i 
(0.066 N) (0.131M) (0.246M) (9.737 NM). (1.260 

Salt Sodium 16.2 73-3 90.5 115.6 

Chloride | (0.84M) | (166M) (244M) (3178100 — 
Sour Tartaric 78.6 129.6 194.8 

Acid (0.0022M) (0.0066M ) (0.013M) — ae 

— 

Bitter Quinine 74-7 115.3 115.6 

Hydro- (0.000013M ) (0.000041 M) (0.000083 M) — — 

chloride 


Intensity. Gustation shows intensive as well as qualitative changes 
In general, intensity of sensation increases as concentration increases 
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show a horizontal straight line. Although it deviates from this at the 
extremes, in the middle intensities the curve approximates a horizon- 
tal line. In general, then, the DL is Proportional to the magnitude of 
the stimulus. 8 
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tivated tastes.“ Slight bitter is pleasant in coffee and beer, slight 
sour is pleasant in dry wine or lemonade, mild sweet and salt are 
almost universally pleasant. But all qualities, even sweet, become un- 
pleasant if very strong. There are, in addition, age differences in 
likes and dislikes — children are renowned for their desire for 
Sweets, whereas adults often come to prefer the bitter and sour 
qualities. 

Effect of Temperature. Temperature has an important effect on 
the taste of various substances, and one which is not predictable 
from the simple chemical fact that substances are more soluble at 
higher temperatures. One study found taste sensitivity to increase 
when the temperature of the solution is raised from 10° to 20° C, as 
one would expect, but the sensitivity remained fairly constant from 
20° to go° C, and then decreased Another study found this effect 
only for salt and bitter, but found sensitivity to sweet and sour to in- 
crease continuously with temperature:“ whereas still another found 
Only sweet to rise and fall.° The fact that any of the taste systems 
Operate contrary to prediction from our knowledge of chemical re- 
activity has important implications for theories of taste. In addition, 
these findings are of interest in everyday situations. For example, if 
Soup is salted when it is very hot, it will be too salty by the time it is 
Served, since sensitivity to salt increases as the temperature falls. 

Deficiencies. Although there are individual differences in taste 
Sensitivity, as there are in all other psychological functions, partial 
taste-blindness (ageusia) for an entire quality has not been re- 
Ported, Whether this is due to some intimate connection among the 
laste systems so that they remain or are lost together, or whether such 
Occurrence would not be noticed readily (because of the more im- 
Portant contribution of odor and other senses in the flavor of food) 
is difficult to determine. One taste deficiency for a synthetic sub- 
Stance, phenylthiocarbamide (PTC), has received much attention 
from geneticists because it seems to obey simple Mendelian laws 
Of inheritance. The taste thresholds for PTC show a bimodal dis- 
tribution — a large number of people are rather insensitive to it 
and are called nontasters.“ About 30 percent of people are non- 
tasters. To the rest, the substance is bitter. But this disability is 
Specific to PTC and some very closely related substances; it does not 
affect the thresholds to unrelated bitter substances. The thresholds 
for quinine, for example, are uncorrelated with those of PTC.s 

Theory. It is not profitable to discuss particular theories of taste 
stimulation because no theory has been proposed which is gener— 
ally accepted, but we have already indicated certain experimental 
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findings which set definite limits to theorizing. First, we have seen 
that chemical groupings do not permit prediction of taste quality 
except within rather wide limits. Second, we found that gustatory 
sensitivity, at least to salt and bitter, decreased with increasing tem- 
perature above 30 C. We are thus forced to conclude that a simple 
chemical theory of taste is untenable. This has the advantage of 
forcing a change in the direction of gustatory research which should 
result in information of a sort calculated to throw light on other 
phases of the problem. At present, we can say only that promising 
leads appear to be the measurement of the size of molecule which 
can pass through the cell membrane and measurement of effects re- 
sulting from the adsorption of sapid molecules on the cell mem- 


brane. Thus useful information may come from the new research 
in cellular physiology. 


OLFACTION 


Olfaction is a more complex sense than taste, and although much 
research has been reported throughout the years we are still far 
from a solution to even the simplest Problems. As we have already 
indicated, odor contributes much to our enjoyment of food, for it is 
one of the more prominent aspects of flavor, B 
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them. Unfortunately, many of these substances have their effect by 


partially anesthetizing the olfactory receptors, so that one not only 
does not smell unpleasant odors but also does not smell flowers or 
good food and might also be unable to detect escaping gas. An im- 
portant aspect of air-conditioning involves the elimination of“ stale ” 
odors, for it is the odor of “stale” air, not the ox 
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in olfaction because of the importance of these aspects for the ef- 
ficiency of personnel. Another phase of olfaction has been the basis 
for a tremendous industry — perfume. Millions of dollars are spent 
each year for perfumes, toilet waters, and perfumed soaps in order 
that women (and some men, too) may perfume themselves with 
the odors of flowers. Perfumes of various sorts are also added to 
many other products including cosmetics, cookies, candy, writing 
Paper, and lingerie. It has been found that women’s stockings sell 
better if slightly perfumed, and used cars that are given that new- 
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car odor bring a higher price. The wine and liquor industries are 
likewise dependent upon the sense of smell and are doing basic re- 
search in order to find out more about the production of the desired 
flavor (largely odor). Of some importance was the odor-training 
given some commandos during World War II. This training was an 
important aspect ol getting one’s bearings at night. The trainee was 
required, for example, to go past the field of new-mown hay, to the 
left of the cow barn, and so on. A lighter note is added by the fact 
that one of the standard test odors is said to be called submarine 
sailor.” 

Receptors and Central Nervous Connections. The receptors for 
Olfaction are bipolar cells found in the olfactory membrane among 
yellowish supporting cells. This olfactory epithelium is located high 
in the nose and covers an area of about 750 square millimeters on 
Cach side. Figure 10.4 shows the general structure of the nose, the 
location of the olfactory membrane, and the path of inspired air. It 
Should be noted that this path brings the air, with its odorous mol- 
ecules, to the lower reaches of the olfactory membrane, so that ordi- 
nary breathing results in the perception of odor. A vigorous sniff 
throws the stream higher, so that more of the olfactory membrane is 
bathed by odorous air and a more intense odor is perceived. The 
olfactory membrane, like the rest of the lining of the nose, is covered 
With mucus. 
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The olfactory receptor cells carry hairs on their outer ends. Some 
of these are long and may project through the mucus; others are 
short and are always covered with mucus (Fig. 10.5). The millions 
of olfactory nerve fibers stream upward through the bony floor of 
the skull in some 20 bundles, as cranial nerve I, the olfactory nerve, 
to end immediately in the olfactory bulb. The olfactory bulb, really 
a part of the brain, can be seen in Figure 4.3. There has been much 
dispute about the connections of the olfactory system within the 
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brain. The sense is peculiar in that it does not hav 
station in the thalamus. It is connected with a very old part of the 
brain, a part much older than the cortex of the visual or auditory 
or somesthetic systems, the anterior part of the pyriform area, which 


hypothalamus in Fig 
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lies in the region anterior and ventral to the 
ure 4.2. 

Experimental Difficulties. There are ere 
experimentation in olfaction and they may be discussed under three 
major headings. First, there is the Problem of the purity of the 
stimulus. The sense of smell is so acute that a Subject is ie able 
to detect impurities which are undetectable by ar u 
commercially available chemicals are not suitable for olfactory re 
search. Second, there is the problem of the location of the receptors 
They are so inaccessible that the best one can do about stimulating 
them is to introduce some odorous air at the nostril and wonder how 
much of it arrives at the olfactory membrane, The 
ways mixed with a variable amount of air, depende 
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the size of the nasal cavity, and the path taken by the airstream is 
determined in part by the irregularities of the nasal chamber and 
the vigor of the sniff. It is impossible to introduce a tube into the 
Nose without causing distraction, sneezing, and possible damage. 
The stimulation of other sense departments in the nasal cavity, par- 
Ucularly cold and pain, by many odorous substances, makes the 
determination of the odor threshold difficult. Finally, the third 
problem is that of the control of the stimulus itself, which requires 
precise control of temperature, pressure, volume, and velocity, to- 
gether with the maintenance of odorless air for the subject to breathe, 
and clean apparatus. This is an heroic task where the precise con- 
trol of small quantities of gas are concerned. The fact that the dif- 
ficulties are so numerous accounts for fact that we find little agree- 
ment among results. 

Stimulus. As we have already indicated, we do not know what the 
stimulus is for olfaction. Some molecules of an odorous substance 
must come in contact with the olfactory cells — whether with the 
hairs or the cell body itself is unknown. But what process takes place 
there which results in the depolarization of the cell and the initia- 
tion of the nerve impulse, we do not know. It may well be that dif- 
ferent kinds of substances stimulate in different ways. Every attempt 
to relate a specific kind of odor to a specific chemical structure has 
failed, so that at present we can only describe some general charac- 
teristics of odorous substances. 

Few of the chemical elements are odorous — only the halogens 
(chlorine, bromine, iodine, and fluorine) , yellow phosphorus, ozone 
(O,), and arsenic. Of the inorganic compounds, a few are odorous, 
and they are mostly those which do not involve metallic elements. 
Some familiar examples are ammonia, and hydrogen sulfide — the 
latter is the active ingredient in the odor of rotten eggs. Most odorous 
Substances are organic compounds, and there are tremendous num- 
bers of them in all classes. Some examples are benzene, menthol, 
formaldehyde, ionone, and pyridine. But compounds with similar 
Structure may smell very different and compounds with totally dif- 
ferent structure may smell similar. 

It has been said that, in order to be odorous, a substance must 
have: (1) an appreciable vapor pressure, (2) slight solubility in 
Water, and (3) slight solubility in fat. But the necessary degree of 
€ach of these is slight, indeed, and, even if necessary, these conditions 
are not sufficient. The decisive factors in stimulating the receptors 
and the factors responsible for all the vast array ol different odors 
Still escape us. 
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Qualities. If you will reflect upon all the different smells you 
have ever encountered, you will realize how complicated the prob- 
lem of olfactory qualities is. Each one of us has smelled thousands of 
different odors, even without entering an organic chemistry labora- 
tory, where more thousands may be found. Certainly there is no im- 
mediately obvious classification of all these odors, such as we find 


Table 10-3. Three Systems of Odor Classification 


Author Classes of Odors Examples of Each Class 
Zwaardemaker| 1 — etherial fruit, acetic amyl ether 
(16) 2 — aromatic camphor, citral 
3 — fragrant (balsamic) vanillin 
4 — ambrosial musk 
5 — alliaceous onion, mercaptan 
6 — empyreumatic (burned) phenol, pyridine 
7 — caprylic (hircine) Strong cheese, caprylic acid 
8 — repulsive some nightshades 
9 — nauseating feces, skatol 
Henning 1 — flowery heliotrope, coumarin 
(17) 2— fruity fruits, citral 
3 — putrid hydrogen sulfide, mercaptan 
4 — spicy clove, anisaldehyde 


5 — resinous 


turpentine, pinene 
6 — burned 


tar, pyridine 


Crocker 1 — fragrant citral (6645) * 
i methyl licylate 
Henderson or 014 5 ; A icylate (8453) 
(18) Ineole (5726) 
20 percent acetic acid (3803) 
3 — burned thujone (6665) 
. guaiacol (7584) 
4 — caprylic anisole (2577) 


2,7 dimethyl octane (3518) 


* The order of the rating is the order for the classes as given. 


with taste qualities or visual qualities, Many attempts have been 
made to bring some kind of order to olfactory qualities, OF these 
the most widely quoted have been three, all based upon the tradi- 
tional introspective method which has worked 50 well in other sense 
departments. In 1895, Zwaardemaker, a Dutch Physiologist, pro- 
posed a system of nine classes. In 1916, Henning, a German physiol- 
ogist, proposed a system of six classes. And in 1927, Crocker and 
Henderson, Americans who were Interested in Using an odor classifi- 
cation for industrial purposes, introduced a descriptive system based 


Olfaction 147 


upon four classes, each with nine possible steps, every odor being 
given a number from o to 8 in each dimension. These systems, with 
representative substances for each class, are presented in Table 10-3. 
They are presented here because they are so widely quoted and the 
problem is of great interest. Unfortunately, none of these has stood 
the scientific test, that of independent verification by other investi- 
gators. The only reasonable conclusion to be drawn from this is that 
the introspective method is not useful for this problem. In order to 
convince yourself of the difficulties of introspective classifications, 
try to order in some way all the odors you can find about the house. 

Possibly relationships among odors will be discovered by one or 
More of three other techniques which are being used in research to- 
day: (1) studies of partial anosmias, directed towards discovering 
Which substances are related by virtue of their all being either 
smelled or not smelled by the same individual; ° (2) selective adapta- 
tion, in which adaptation is produced for one odor, and the effect 
Produced upon other substances is measured, in order to see what re- 
lationships exist among a large number of substances; and (3) sta- 
tistical analysis of individual differences in sensitivity, in order to de- 
termine related groups of substances whose thresholds are always 
high or low together. Data are not yet available for a sufficient num- 
ber of substances to enable us to draw any conclusions at the present 
time. So we must simply state that there is no adequate classification 
Of odors: that we do not know how many separate odors there are, 
nor how many classes; and, worse yet, we do not even know whether 
there are classes or whether odor qualities are spread out in a broad 
band, like the scale of pitches, without sharp groupings. It is usually 
assumed that there are a number of different kinds of receptors, to 
account for the variety of qualities, but there is little evidence for 
this, 

Thresholds. Thresholds vary tremendously from substance to 
substance, as you might expect from the casual observation that a 
little perfume goes a long way, whereas it takes a sizeable sniff of 
orange juice to produce any odor. It is really not possible to com- 
Pare thresholds for gustation and olfaction because we do not know 
how many molecules reach the receptor, but olfaction is ordinarily 
Considered a much more delicate sense. The olfactory threshold for 
xylene musk was found in one study to be 5-9 & 10 (molar ratio) . 
The sensitivity of olfaction is very impressive until one calculates 
how many molecules are probably involved in producing a threshold 
Odor for a powerful substance like ethyl mercaptan — it is some- 
Where in the neighborhood of ı X 10 molecules (100 billion) , al- 
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though no great Proportion of these reach the olfactory cells. This 
is not impressive when compared with 2 quanta as the threshold for 
the rods in vision. Table 10-4 presents a few representative thresholds 
for odorous substances, They provide some idea of the variation 
among substances and the relative order of magnitude of olfactory 


Table 10-4. Some Representative Odor Thresholds 


Substance Odor Threshold (mg. per L) Reference 
Carbon tetrachloride sweet 4-533 19 
Methyl salicylate wintergreen -100 19 
Amyl acetate banana oil 039 19 
N-butyric acid perspiration 009 19 
Benzene kerosiney 0088 20 
Safrol sassafras 005 21 
Ethyl acetate fruity 0036 22 
Pyridine burned 00074 2 
Hydrogen sulfide rotton eggs -00018 2 
N-butyl sulfide foul, sulfurous -00009 2 
Coumarin new-mown hay 00002 2 
Citral lemony 000003 23 
Ethyl mercaptan decayed 

cabbage -00000066 8 
Trinitro-tertiary- 
butyl xylene musk 000000075 A 


thresholds, but they are not strictly comp 
used to obtain them were different.“ 
tion in threshold which occurs 


: s 
arable, since the method 
25 a b aai 
Table 10-5 shows the wide varia 


N 0 due to differences in the degree of 
control of the stimulus and the Purity of the substance 
Table 10-5. Thresholds for Methyl Salicylate 
Threshold (Molar Ratio) Author Method 
3.652 1678 Jones (24) controlled volume 
and rate 
E Gundlact toes 
5 ch and 
1:9 X ro Kenway (25) sniffing 
ee 
Allison and Lo ee 
3 a an 
11.5 X 10 Katz (19) Sniffing 
The differential threshold varies Somewhat With the absolute in— 


tensity, as one would expect from other Studie 


a Weber fraction of .20 for the middle 
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fects which 
unpleasant 


range 
of the same general order of magnitude as the 
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terest. As in taste, very intense odors are 
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count for the fact that some people find a very strong odor of some 
flowers sickening. The other intensity effect, of importance for 
theory, is that the quality of some odors changes with intensity. 
B-ionone, for example, smells like violets when weak, but becomes 
a coarse cedary odor when strong. 

Adaptation. Common experience provides many examples of the 
adaptation of olfaction. If you walk into a garden, you are delighted 
by the marvelous odor, but if you remain long it gradually fades. 
The odors of cooking, which greet you as you enter your home at 
dinner time, soon lose their charm. And, providentially, the odor 
that assails you as you enter a chemistry laboratory also loses its 
power. All this indicates that olfaction adapts rather quickly. The 
rapidity with which adaptation occurs depends upon the intensity 
of the adapting odor; very faint odors adapt in a whiff or two, but 
moderately strong ones may take 10 minutes or so. But adaptation 
is not an all-or-none affair; it is selective. Adaptation to one sub- 
Stance may affect the thresholds for other substances in several ways. 
It may raise the threshold enormously; the limiting case here would 
be the threshold for the adapting substance itself. It may, on the 
other hand, leave the threshold changed but little, or not at all. Or 
it may have an effect anywhere between these two extremes. The 
amount by which the threshold of one substance is raised by adapta- 
tion to another is taken as a direct measure of the degree of rela- 
tionship between the two substances. This is the basis for the method, 
Mentioned earlier, of investigation of olfactory qualities by selective 
adaptation. Vanillin and terpineol, for example, effect each other's 
thresholds greatly, but neither of them affects the threshold for 
butyric acid very much. Vanillin and terpineol are thought to be 
Closely related in some important way, therefore, and to differ in 
Some significant way from butyric acid. Much to everyone's surprise, 
it has also turned out that two substances which smell very similar 
and have a musk odor, do not lower each other's thresholds. It is pos- 
Sible that they excite different kinds of receptor cells, although they 
May have different effects upon the same cells. 

Adaptation also results in a change in quality for some substances. 

rimethylamine, for example, which smells fishy at the first sniff, 
55 5 to smell like ammonia, When 57 change in gaalii 
z „ assumes that certain kinds of receptors have been fatigued 
first, leaving the other elements in the complex less affected. 

There are no after-images in olfaction. 
ae There are some individuals who aS completely anos- 

— they can smell nothing. This condition sometimes results 
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from a blow to the head or face, and can also result from severe and 
long-standing nasal irritation. It is of less interest, however, than 
partial anosmia. There are said to be a number of kinds of partial 
anosmia and one method for discovering primary odors is based 
upon an investigation of them. Smell blindness for some of the 
mercaptans, like taste blindness to PTC, seems to be relatively 
Specific in that other odors can still be appreciated. Some individuals 
whose olfactory mechanisms are intact are unable to smell because 
of blockage of the nasal passages. They can, however, smell certain 
substances injected into the blood stream. Temporary decreases 
in sensitivity occur from such diverse factors as smoking, nasal con 
gestion, water in the nose from swimming, and exposure to a general 
anesthetic, such as ether. There is another kind of anosmia which 
may prove even more interesting because it is apparently linked to 4 
hormone. The threshold for exaltolide seems to be related to the 
level of a female hormone (estrogen) in the body; 50-60 percent ol 
adult males are completely anosmic to it and the sensitivity of sex 
ually mature females fluctuates with the menstrual cycle, the thres 
hold being lowest at ovulation.: Investigations of this sort may 
help us to discover the key to the stimul 
ceptors. 

Theory. We are not poverty-stricken as far as olfactory theories 
go; on the contrary, we are overwhelmed with them. Unfortunately: 
there is very little evidence for any of then at 
there are several ways in which the receptors may be stimulated by 
different kinds of substances. It is certain that the answer wil] not be 
simple. At the present time the most promising leads derive from bio- 
chemistry and, particularly, the biochemistry 
action. 


ation of the olfactory re- 
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That audition is an important avenue of information is obvious to 
everyone. With vision, it is one of the two important senses which 
give us knowledge of distant objects; unlike vision, it is useful around 
corners and in the dark. In addition, the complexity of possible pat- 
terning means that a great variety of information can be conveyed — 
for example, the almost infinite variations and combinations of 
Sounds that occur in speech. Audition is one of the primary avenues 
of communication between people. One person gives another orders, 
or gives him information — as in a lecture, or by telephone, or in 
person. Much basic research on the nature of hearing has been done 
by agencies interested in the improvement of communication systems. 
The Bell Telephone Laboratories need such information as part of 


the basis for the improvement of telephonic communication, or The 


Armed Forces need adequate intercommunication systems in planes, 
tanks, and submarines, as well as field telephones. The problem is 
Maximum intelligibility with minimum cost and one needs to know 
Which variables may be sacrificed without significant loss, for faithful 
Teproduction of sound (so-called “ high fidelity "’) costs money. Ex- 
Perimental work on sensory thresholds or thresholds of intelligibility 
is the business of the physiological psychologist and he is, thus, an 
important link in research programs such as those indicated above. 

In addition to its importance as a means of communication, hear- 
Ing is also of great significance in social relationships. People often 
talk because of feelings and not for the purpose of conveying informa- 
tion, They wish to establish friendly relationships, to express irrita- 
tion, to win someone over. Much of our talk is small talk — 
Sossip, table conversation — and it is important in human relation- 
ships; the person who does not have these skills to some degree has 
few friends. Convincing evidence of this may be found in the deaf 
and hard-of hearing, who often show radical changes in personality, 
becoming suspicious and irritable because they think people are talk- 
ung about them. They also are often ill-at-ease in social groups and 
tend to withdraw more and more because they cannot cope with the 
Subtleties of social intercourse based upon voice modulations. This 


leads us to problems of deafness and design of hearing aids. 
151 
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Finally, the esthetic value of audition should be mentioned. Music, 
in all its many forms, is one of the most frequent sources of esthetic 
pleasure in many cultures. Not only is the simple melodic line 
pleasant, but great complexity of patterning is possible because of a 
analytical capacity of the auditory mechanism. For the sophisticated? 
listener, the auditory patterns presented by a full symphony orchestra 
provide one of the highest developments of esthetic enjoyment. Part 
of our task is to inquire how such complexity of patterning is pos 
sible and what are the limitations of the auditory system. 


THE STIMULUS 
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Sound Waves. The adequate stimulus for audition consists i 
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sound waves in the surrounding medium, usually air. Since one 
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falling in the uninhabited forest no doubt Produces dered waves — 
i.e., physical sound — but not Perceptions. For t 
terest is in what the physicist has to say about Sound waves. 

Sound waves are advancing regions of compression and rarefac- 
tion in some medium, such as air or water. These regions of com- 
pression and rarefaction are possible because the particles in the 
medium are separated by some amount of Space — a good deal less 
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in water than in air. As the waves advance, the particles within the 
medium travel back and forth along the same path as the advancing 
waves. No net progress is made by the particles; they simply move 
back and forth around the same point. As the particles move back 
and forth, they produce the regions of compression followed by re- 
gions of rarefaction which we have called sound waves. Figure 11.1 
pictures an apparatus for recording sound waves in visible form. As 
the waves strike the diaphragm, they cause it to move back and forth. 
The movement of the diaphragm is transmitted to the lever, which 


Amplitude 


FIG. 11.2. The waves 
of pair “A” differ in 
frequency; those of pair 
“B” differ by 90 in 
Phase, Time 


in turn moves upward and downward, tracing the wave form on the 
revolving drum. The movement of the drum permits us to draw a 
line representing the movements of the air particles (upward and 
downward correspond to compression and rarefaction) through time. 
If the recording system is without mass or other source of distortion, 
a condition which we shall assume for the sake of explanation, the 
resulting curves will be, in the case of the simplest possible sound, 
What are called sine waves. A sine wave results if we plot along the 
horizontal axis the angles from o to 360°, as would be found in a 
Complete circle, and the sines of the angles on the vertical axis. 
Hence, a complete wave, or cycle, contains 360° and the sine wave 
Starts at o, since the sine of 0° is o, reaches a maximum at gos, crosses 
© at 180°, reaches a minimum (or maximum negative value) at 
0 0 and returns to o at 360°. Of course, the wave goes on and on 
instead of stopping with one cycle. If we consider a given wave at a 
Siven moment, it will be at some point ina cycle. This point is called 
the phase of the wave at the given moment. It is important because 
two sounds otherwise identical may differ in phase, as we shall re- 
iterate below. 
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A simple sine wave can differ from other waves in three ways. First 
ofall, it may have greater or less frequency. The number of complete 
cycles in each second (cps) is the frequency. In Figure 11.2, the 
upper pair of sine waves differ in frequency. The second way m 
which sine waves can differ is in amplitude, or extent of tlre maxr 
mum displacement of the wave from the o line. This dimension ol 
the wave is not as simply designated as frequency and so a ie gene 
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centimeter (that is, 107° watt per square centimeter) , regardless of 
frequency. Any sound intensity can be expressed as a ratio of this 
base intensity — it may be 10 times it, or 1,000,000 times it, or any 
other number depending upon the actual fact. The bel (10 decibels) 
is very simply derived from this ratio — it is the common logarithm 
of the ratio between the base or reference intensity and the sound 
whose intensity we wish to designate. Thus, the sound which has an 
intensity 10 times the base is at the level of 10 db, i.e., 1 bel, since the 
logarithm of 10 (the ratio between the sound and the base) is 1, and 
10 times 1 is 10. A sound 1,000,000 times the base has a level of 60 db, 
the logarithm of 1,000,000 being 6. In order to make these levels 
meaningful, Figure 11.3 shows some common sounds at their proper 
points along a decibel scale. 

Complex Waves. So far we have dealt only with simple sine 
Waves which are sometimes called pure tones. These are rarely en- 
countered. It is conventional, however, to describe a periodic wave 
as though it were made up of sine waves of differing frequency, in- 
tensity, and phase. When such an analysis is performed mathemati- 
cally, it is called a Fourier analysis. That Fourier analysis has more 
than mathematical interest is demonstrated by the fact that it can be 
Performed by mechanical and electronic analyzers as well as, more 
Toughly, by the ear. Figure 11.4 shows a complex wave and the com- 
Ponents obtained by Fourier analysis. In cases where the sound is 
Not periodic, we speak of noise. 

Sources of Sound Waves. Sound waves originate when some body 
Vibrates, thus inducing compression waves in the surrounding me- 
dium, Examples are violin strings, drum membranes, the vocal cords, 
and tuning forks. When these are set into vibration in air, they im- 
Part their motion to the air particles around them, thus initiating 
Sound waves. The frequency, intensity, phase, and complexity of 
the resulting sound waves will depend upon these same dimensions 
ol vibration in the initiating object. A tuning fork vibrating at 
100 cps gives rise to a sound wave of 100 cps, for example. 

Harmonics. The tuning fork mentioned in the preceding para- 
graph vibrates in a simple manner, giving rise to sound waves which 
are very nearly pure sine waves. The violin string behaves quite dif- 
ferently, It vibrates not only as a whole, but also the various whole 
Number fractions of the string vibrate separately. In the string each 
half, each third, each fourth, each fifth, and so on to each nth part 
Vibrates separately. Since the frequency of vibration of a string of 
Siven mass and tension depends inversely on its leneth, it will be 
Seen that the halves are vibrating twice as fast as the whole string, 
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the thirds are vibrating 3 times as fast, and the nth portions of the 
string are vibrating „times as last. In common terminology, the 
frequency of the whole string vibration is called the fundamental 
and the vibrations of the parts are called overtones. The first over 
tone results from the Vibration of the halves and is thus 2 times the 
fundamental in frequency, while the second overtone is 3 times the 
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PSYCHOLOGICAL Dimensions OF SOUND 
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quency give rise to sensations of higher pitch. The relationship is 
qualified by the fact that an increase in intensity of a pure sound 
below about 4000 cps leads to a slight lowering of pitch, even though 
frequency is constant. 

Loudness is closely related to intensity of sound, if frequency is 
held constant. If frequency is not held constant, the fact that the ear 
is more sensitive in the middle ranges of frequency will lead to 
changes in loudness as frequency is varied up and down between the 
extremes of hearing. Complete explanation of the point will have to 
await the discussion in the section on thresholds later in this chapter. 

Timbre, or quality, is most closely related to the complexity of 
the sound wave. The sound of a violin, for example, contains rather 
Strongly the overtones of lower number, while the sound of a trumpet 
contains relatively strongly the overtones of a higher number (Cf. 
Figure 11.5). The difference in timber is clearly perceived. 


RECEPTORS AND CENTRAL Nervous SYSTEM CONNECTIONS 


The physiological mechanisms underlying audition are extremely 
complex and we can consider here only a simplified version of them. 

The Ear. The actual receptors for audition — the cells which 
Serve to translate mechanical vibrations to nerve impulses — are 
the hair cells of the Organ of Corti. All other parts of the ear are 
Accessory structures, strictly speaking, although they have extremely 
important roles to play in the process of hearing. In the discussion 
below, Figure 11.6 will serve to illustrate the various structures de- 
scribed. 

IF we follow the path of a sound wave as it enters the ear, we en- 
Counter first the outer ear, which consists of the pinna and the ex- 
ternal auditory meatus. In man, the pinna has but little effect upon 
hearing, The meatus serves to conduct sound waves to the deeper 
Structures and has an important effect upon the sensitivity of the ear 
because the air column in it is resonant, i.e., has a natural vibration 
frequency, at about 000 cps.'! This helps account for the point of 
lowest auditory threshold. Separating the outer and middle ear is 
the ear drum, or tympanum. Connected to the tympanum, and ex- 
tending across the air-filled middle car, are the three bones, or audi- 
tory ossicles, which serve to transmit the movements of the tympa- 
Num to the inner ear. The ossicles are named, beginning with the 
one attached to the tympanum, the malleus (hammer), incus (an- 
vil) and stapes (stirrup). These ossicles form a lever chain which, 
With the tympanum, serve to reduce the amplitude of vibration while 
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a fact which is sometimes considered to be important for auditory 
theory, On the inner end of the basilar membrane may be seen the 
Organ of Corti, composed of cartilageous supporting arches which 
hold the hair cells, Adhering to the hairs is the tectorial membrane. 
Stimulation of the hair cells (the actual receptors) occurs when the 
Vibrations of the ossicles are transmitted through the oval window to 
the fluid, the endolymph, in the cochlear passages, thus causing a 
Movement of the basilar membrane and the hair cells in relationship 
to the tectorial membrane. With each vibration of the basilar mem- 
brane, an alternating stretch and compression of the hair cells occurs, 
Which serves to alter their membrane potentials. This alteration of 
hair cell potentials leads to the periodic stimulation of the fibers of 
the auditory nerve with which they synapse. The question of whether 
Only a limited extent of the basilar membrane is affected by a sound 
Of a given frequency or the effect of a given sound is widespread must 
await the discussion of auditory theory in the next chapter. The vi- 
bration of the endolymph (whic h is virtually incompressible) is 
Made possible by the round window, which bulges in and out as the 
Stapes moves out and in. 
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Nervous Connections. The primary neurons of the auditory 
nerve have their cell bodies in a ganglion within the cochlea itself. 
At their outer ends they make contact with the hair cells of the organ 
of Corti and at their ner ends synapse with the secondary neurons 
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in the cochlear nuclei of the medulla. Figure 11.8 diagrams these rela- 
tionships. It is of importance in auditory theory that each nerve fiber 
connects to many hair cells and that there is considerable branching 
of the nerve fibers resulting in cross-co 
yond the cochlear nuclei, there are 
of the auditory tracts, First, the 


š ê- 
nnections among them. B 
four main destinations for fiber? 
re are the reflex and relay nuclel o 


FIG. 11.7. Cross sec- 
tion of the cochlear 
canal. (From Da- 
vis. 
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the lower brain stem. Secondly, there are collateral connections to 
the cerebellum, whose precise function is unknown. Thirdly, there 
are strong connections to the inferior colliculi and, by way of these, 
to the superior colliculi. Possibly these are important for orientation 
to sound. Fourthly, there are connections to the medial geniculate 
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nections of one ear. organ of 
(From Davis.) corti 
nucleus of the thalamus, which serves, in usual thalamic fashion, as a 
Telay nucleus to the cerebral cortex. The auditory projection areas 
Of the cortex lie along the upper edge of the temporal lobes. As is 
the case with mehess the projection areas are at least two in 
Number, although any difference in function between them has not 
been worked out. 

OF considerable importance are two further facts. First, the dia- 
ram in the figure represents the connections of one ear. As may be 
inferred, therefore, both cars have connections with both sides of 
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the brain. Removal of one temporal lobe does not cause deafness in 
one ear, as would be the case if only unilateral connections were the 
rule. There is great opportunity for interaction between the connec- 
tions from the two ears 


a point of importance in the localization of 
sound. Secondly, the cortical 
projection areas show some dif- 
ferentiation according to the 
frequency of sound stimulat- 
ing the car. As may be seen in 
Figure 11.9, the two projection 
areas are alike in that different 


Auditory L 


FIG. 11.9. The cortical auditory arcas 


in the left cerebral cortex of the mon- 
key. The letters H, M, and L refer to 
the cortical localization for high, me- 
dium, and low frequencies. (Redrawn 
from material in Woolsey.*) 


frequencies of sound at the 
ear lead to arousal of different 
regions but differ in the details 
of location.? This spatial dif- 


ferentiation according to fre- 
quency has been suggested as an important factor in pitch discrimina- 
tion. The functions of the CNS connections will become clearer as 
our discussion of audition continucs. 
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Pitch: Absolute Threshold. There are frequency limits in man 
and other hearing animals above and below which a sound wave will 
not give rise to sensations of sound. The exact limits depend upon a 
number of factors, the most important of which are differences from 
person to person and the intensity of the sound. We shall confine our 
discussion to normal, young human cars for the moment and leave 
individual differences for future discussion. As for intensity, we shall 
assume that the frequency limits we are discussing refer to as intense 
a sound as can be produced without damage to the organism. Under 
these conditions, in man, the frequency limits are approximately 15 
and 20,000 cps. The lower frequency may be called the RL for pitch. 
the upper frequency the TI. for pitch. Especially at the lower end ol 
the frequency scale it is technically extremely difficult to produce 
and lead to the ear a pure tone of sufliciently high intensity to be 
heard. Yet one experimenter has found the RI. to be as low as 1 cps 
when he used a sound about 1 10 db louder than necessary to stimu- 
late at 4000 cps. i 


At frequencies below 15 cps. however, what is heard 
is a series of chugging noises, no doubt arising from distortion in the 
ear itself. At about 15 eps and above, however, a continuous tone is 
heard and we, therefore, take this hhequency as the RL, for pitch. At 
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the TL, threshold judgments are much easier. At some point, as 
frequency is increased, nothing is heard. 

Pitch: Difference Threshold. The DL for pitch depends both 
upon the frequency of the standard tone and its intensity. In general, 
we may say that the Weber fraction is lowest for sounds of about 1000 
to 2000 cps, and that up to an optimum intensity the louder the sound 
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the lower the Weber fraction. In other words, a smaller proportion 
must be added to a frequency of 1000 to 2000 Cps for the change to 
be noticed as a rise in pitch thi 


lower on the scale. Also, up to the 
s in louder rather than in softer sounds. 


in is the case for frequencies higher or 
optimum point, the ear is more 
sensitive to frequency change 
If your pitch is insecure. best sing softly! The Weber fraction for 
ncies is plotted in Figure 11.10, These data 


pitch at various freque 
nsity level. If we consider the DL in cycles 


refer to a moderate inte 


per second rather than Weber fr 
in frequency. Figure 11.11 illustrates 


action, we find that it is progres- 


sively smaller as we go lower 
this point and, in addition, shows the dependence of DL upon in- 
tensity. In other words, at the lower frequencies the size of the DL 


is smaller, but it represents a relatively greater proportion of the 
standard. 


It is interesting to note that our musical scale assumes the con- 
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stancy of the Weber fraction. The various intervals are frequency 
ratios, e. g., the octave is a 2 to 1 ratio, that is, a tone one octave higher 
than another is twice its frequency. Since the data indicate that the 
Weber fraction is not constant, it is apparent that the musical in- 
tervals are not exactly alike from octave to octave. Sometimes pianos 
are actually tuned progressively sharper at the high end of the key- 
board, a device which makes allowance for the facts of Figure 11.10. 
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To make the DL's more concrete, it may be noted that at about 
60 cps the DL for a moderately loud tone is in the neighborhood of 
% of a semitone (a semitone would be the difference between an 
adjacent white and black key on the piano) — at about 400 cps it is 
approximately Io of a semitone. Modern music written on a scale of 
quarter-tones is well within the ability of the listener to discriminate. 

Loudness: Absolute Threshold. The absolute threshold for sound 
depends upon the frequency. Beyond the frequency limits for hear- 
ing, there is no loudness. Over the frequency range which will evoke 
hearing, the threshold varies quite considerably, as reference to Fig- 
ure 11.12 will show. The threshold is lowest between 2000 and 4000 
cps and rises to comparatively very high levels as frequency is either 
raised or lowered. There are considerable individual differences in 
level of sensitivity, even among presumably normal, healthy young 
men. With practiced subjects these threshold measurements are ex- 
tremely reliable and can be duplicated from day to day within 1 db. 
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The astonishing sensitivity of the ear needs further comment. If 
we consider the distance through which the ear drum is vibrating at 
threshold (for a sound of about 3000 cps), we find that it is less 
than .oo0000001 centimeter, or less than the diameter of a hydrogen 
atom, and within the range of X-ray wavelengths. The basilar mem- 
brane vibrates over a much smaller distance than this — almost 
within the range of radii of the nuclei of atoms, or the wavelengths 
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FIG. 11.12. Absolute auditory thresholds at different frequencies. 
Each curve shows the percent of the sample group which could 
hear a sound of the given intensity and frequency. (From 


Fletcher. 2) 


of the longer cosmic rays.” Is it surprising, then, that real silence 
hever occurs for the normal subject? Even if all external sounds are 
removed from the surrounding air, a virtually impossible task, the 
sounds internal to the person himself — blood rushing through the 
vessels of the ears, sounds from respiration, even the creaking of 
joints — provide sufficient sound energy to exceed the threshold. 

Loudness: Difference Thresholds. Just as the absolute threshold 
for loudness depends upon frequency, so do the difference thresholds. 
Since the DL’s vary with frequency and also (since the Weber frac- 
tion is not the same at all intensities) with intensity of the standard, 
it is customary to summarize these facts by plotting equal loudness 
contours. Reference to Figure 11.13 will make these clear. The lowest 
line represents the RL, and drawn above it are a series of lines repre- 
senting sounds of the same loudness to the average observer. It is in- 
teresting to note how much farther apart the equal loudness con- 
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tours lie in the middle frequency range as compared to the extremes 
of the audible scale. As a result, by the time rather high intensities 
are reached, the contours flatten and the same intensity gives rise to 
much more nearly the same loudness for all frequencies. 
Considerable practical use of the plot of Figure 11.13 is made by 
sound engineers. As one applied example, we may consider a home 
music system. In the home, music is ordinarily played at a very much 


U 
| | Threshold of Feeling 


120 


80 


Intensity (DB) 
s 


> 
S 


N 
S 


T 
Absolute Threshold —> 


va en aa on hee 
20 50 100 500 1000 5000 10,000 20,000 


Frequency (CPS) 


FIG. 11.13. Equal loudness” contours. & sound fa ling at a 
given point along a line (contour) will be as loud as a sound 
falling at any other point along the same line. (From Stevens and 
Davis, is after Fletcher and Munson.) 


lower intensity level than the original. A symphony orchestra may 
be putting out 80 or more db across the lrequency range. If the same 
music is reproduced in the home — from records or radio 


at per- 
haps 50 or 60 db, the frequency extremes will sound very much less 
loud than the middle range. This fact can be predicted by drawing a 
line across the plot of equal loudness contours at the 50-db level and 
noting the contours crossed at the different frequencies. At this level, 
one can hear only the frequencies between 150 and 10,000 cps. The 
music lover's remedy may be one of two alternatives. Either the mu- 
sic must be played at its original loudness level or the bass and treble 
must be boosted to fit the contours. 

Loudness: Terminal Threshold. The VI for loudness is actually 
a threshold for somesthesis from the car structures, The uppermost 
line of Figure 11.12 is the TL. At this level of intensity, tickling. 
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touch, and pricking are sensed in the ear. Above this level, additional 
intensity does not result in additional loudness. In a p ractical situa- 
tion, if there is noise at or above the TL level, communication by 
sound is impossible — even il the voice were louder than the noise 
the extra intensity could not be discriminated. Noisy aircraft, the 
boiler factory, and some tanks approach or exceed this level. 
Complex Sounds. It is not possible in a text on physiological psy- 
chology to consider in any detail the many aspects of psychoacoustics 
which have been explored in the interests of more efficient auditory 
communication, acoustical engineering, and related fields. Suffice it 
to point out that pitch and loudness thresholds are not the whole 
story. For example, the harmonic content of sound can be discrimi- 
nated even when only a few percent of the sound energy is in the 
harmonics (overtones) . Much annoying distortion in sound-reproduc- 
ing systems is in the form of harmonics generated within the equip- 
ment itself, In addition, sound engineers use a host of largely un- 
defined terms to describe the characteristics of reproducing systems. 
at one can discriminate between “clean ” and 
for example, and some of the physical char- 
known. The human audi- 


There is no doubt th 
“ muddy ” reproduction, 
acteristics underlying such judgments are 
tory sense is capable of considerable qualitative discrimination in 
addition to simple pitch and loudness. 


AUDITORY DEFECTS 


Interference with hearing can occur at any point in the auditory 
mechanism. When the difficulty is at the cerebral cortical level, the 
effect is likely to be perceptual in nature. Below the cortical level, 
lesions in other CNS structures may lead to sensory difficulties. Our 
present concern will be with the peripheral mechanism. 

Deafness. Deafness may be complete or partial. Partial deafness 
may result from numerous causes and the characteristics of the deaf- 
ness will depend upon the causation. In the outer ear, accumulation 
of wax can lead to a considerable loss in sensitivity over the entire 
auditory range. This is a rather common cause of loss of sensitivity, 
Infections of the outer ear, especially 


but a very easily treated one. 
rious loss of sensitivity. 


those affecting the drum, can lead to more ser 
Ordinarily, such losses affect all frequencies rather evenly. 

When the difficulty is in the middle ear transmission mechanism, 
the loss is most prominent for the lower frequencies. A common 
cause is the hardening of the junction of stapes and oval window 
(otosclerosis) so that normal transmission is interferred with. A hear- 
ing aid will be of considerable benefit in suc h cases. 
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When the inner ear is affected, loss of the higher frequencies first 
is most likely. This may result from several causes, the most common 
being ageing. Figure 11.14 shows the normal loss of sensitivity with 
increasing age. Another common cause in our noisy modern world 
is acoustical trauma, that is, the result of exposure to loud sounds. 
Since the results of traumata are important for auditory theory, they 
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are discussed in Chapter 12. Inner ear defects sometimes result in 
what are called tonal gaps or tonal islands in the audible frequency 
range. A tonal gap is a region of loss surrounded by greater sensitiv- 
ity. A tonal island is a region of sensitivity surrounded by loss. A com- 
mon tonal gap occurs around 4096 cps, often after exposure to loud 
sound. 

An interesting phenomenon noted in cases of inner ear deafness 
is called recruitment. In such a case, the threshold for sound is very 
much raised, but after the abnormally high threshold is exceeded, the 
sound suddenly becomes very loud. The sufferer from this phenome- 
non often alternates between requesting others to speak more loudly 
and asking them to stop shouting. The exact cause is unknown, de- 
spite considerable speculation. A hearing aid is not to be recom- 
mended since, if the sound is amplified to a detectable level, it is 
heard as uncomfortably loud. 

Complete deafness cannot result from difficulties in the transmis- 
sion mechanism. If the inner ear and nerve structures are intact, the 
sound can be lead to the bones of the head through a suitable cou- 
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pling device and stimulation of the inner ear will result. Severing of 
the auditory nerve, or complete destruction of the inner ear mechan- 
ism, as can occur from blast waves, will result in complete deafness. 
Occasionally persons are born without the cochleas, or even without 
inner ears at all. Such individuals are of necessity completely deal. 
Tinnitus. Ringing ears,” or tinnitus, is noticed occasionally by 
almost everyone. Sometimes it follows a loud sound, or accompanies 
a cold or sore throat. Some people have tinnitus continuously. Just 
as is the case with deafness, tinnitus may arise from defects any 
Often it is accompanied by dizziness. 
Many cases of tinnitus have resulted from exposure to loud sounds — 
e. g., aircraft, rifle fire, and riveting hammers. Such cases probably 
involve the inner ear. Still other cases can be relieved by improving 
the pressure equalizing function of the Eustachian tube. Perhaps the 
about tinnitus is that we don't all have it. Con- 
but little energy is needed 


place in the auditory system. 


most amazing thing 
sidering the extreme sensitivity of the ear, 
to exceed the threshold. 

Diplacusis. A disorder in which the same sound evokes different 
auditory sensations in the two ears of the same person is called dip- 
lacusis. A slight amount of diplacusis is normal. The two ears of a 
given person are never exactly alike. However, when the difference 
becomes great enough, it is most annoying. In severe cases, the sound 
heard by one ear may seem a half octave higher than that heard by 
the other. More commonly, the difference is about a half-semitone — 
enough to be very important clinically. The exact physiological ex- 
planation is obscure. 

Other Binaural Effects. In addition to diplacusis, other aspects 
of binaural versus monaural stimulation require comment. First of 
all, the two ears of the same person are rarely of equal sensitivity. 
two ears differ by about 6 db in absolute thresh- 
If the two ears are stimulated 
to that of the more sensitive 
ars which are equally sensi- 
less than that of either 


On the average, the 
old—a_ very significant amount. 
simultaneously, the threshold is close 
ear. If, however, we find a subject with e 
tive, the binaural absolute threshold is 3 db 
just half the power. It looks very much 


ear alone or, in other words, 
in terms of power no matter whether 


as though the threshold were 


applied to one or two ears. H 
amount applied to one ear. The bilat- 


alf the power applied to each of two 


ears is the same as the whole 
eral connections of each ear are probably of importance in determin- 
ing this outcome. 

The loudness DI, measured binaurally is also 3 db smaller than 


that measured monaurally. This result is best explained statistically. 
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Two ears have twice the neural elements of one ear: using both ears 
doubles the sampling of neural elements underlying discrimination. 
It happens — and this can be taken on faith lor our purposes — that 
a 3-db decrease in DL is precisely what would be predicted from the 
Statistical consideration of doubling the sample. In nonstatistical 
terms, using two ears increases the chances of detecting differences 
because more elements are involved. The summation of above thres- 
hold sounds presented binaurally is closely related. In general, 
sounds of the same frequency presented to the two cars at the same 
time add in loudness, so that, if of the same intensity, the resulting 
sound is just twice as loud as either monaural sound alone. 

In the next chapter we shall be concerned with more complex 
effects of stimulation by more than one tone at a time and shall con- 
sider the evidence for the way in which the ear and auditory system 
accomplish their function. 


Suggested Readings 


1. Geldard, F. A., The Human Senses. New York: Wiley, 1953, Chaps. 6 
and 7. 

2. Chapanis, A., Garner, W. R., and Morgan, C. T., Applied Ex peri- 
mental Psychology. New York: Wiley, 1949, Chap. 7. 
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Cochlear Potentials. Cochlear potentials, or microphonics, are a 
very important facet of auditory response and their discovery and 
study has contributed immensely to our knowledge of the auditory 
mechanism. They properly belong in a general discussion of electro- 
physiological evidence but, since we shall find it convenient to refer 
to them several times before such evidence is considered, they are in- 
troduced here. Cochlear potentials are electrical responses generated 
within the Organ of Corti itself. These potentials are not action po- 
tentials and are non-nervous in origin. They reproduce very closely 
the form of the sound wave as shown in Figure 12.1. The magnitude 
of the electrical potential varies with the magnitude of the stimulus 
almost linearly up to fairly high levels. Figure 12.2 shows this func- 
tion for a wide range of frequencies — it is a straight line during the 
lower part of its course, but departs from linearity at higher intensi- 


wave forms of stimulus and cochlear potentials 


FIG. 12.1. Comparison of 
are the top figures. (After ever.) 


for two tones — the stimulus waves 


ties, and finally flattens. Cochlear potentials induced by different fre- 
quencies have different spatial patterns on the basilar membrane. 
Low frequencies have a much greater spread, reaching the apex ol 
the cochlea, whereas those induced by higher frequencies spread 
shorter and shorter distances. Figure 12.3 shows the relative response 
from the basal turn (nearest the round window), the second turn, 
and the apex of the cochlea of the guinea pig for a number of fre- 
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quencies of stimulation. There is no response at the apex to tones 
of 1600 cps and above. At 10,000 cps there is no response from the 
second turn. Cochlear potentials are probably responsible for excit- 
ing the nerve impulse. Thus, their study leads us closer to the last 
phases of stimulation than we are able to reach in other senses. 
Tonal Interaction. In Chapter 11 the response of the auditory 
mechanism to tones presented singly was discussed. When a single 
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sine wave is distorted somewhat, it gives a series of tones whose fre- 
quencies are whole multiples of the fundamental frequency as given 
by the Fourier analysis. Thus, a distorted 1000-cycle wave produces 
a complex wave which contains, in addition to the fundamental fre- 
quency of 1000 cps, frequencies of twice, three times, four times, etc., 
the fundamental — i.c., frequencies of 2000, 3000, 4000, etc., cps. 
The first few of these overtones are loud enough to be heard by a 
trained person. Such overtones are generated by physical objects, as 
we have seen in Chapter 11, but they are also generated within the 
auditory mechanism itself and become more prominent as the in- 
tensity increases. In the latter case they are called aural harmonics. 
Some of the things we hear are thus not present in the physical 
sound, 

When two pure tones are sounded together a number of things 
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may happen, depending upon the frequencies and intensities of the 
two. When one tone is more intense than the other the most promi- 
nent effect is the masking of one tone by the other, the exact amount 
depending upon the relationship between the two frequencies. This 
effect will be discussed in a subsequent section. When the two tones 


are of approximately equal in- 
tensity either beats or combi- 
nation tones may occur, de- 
pending upon the frequency 
relationships of the two gener- 
ating tones. 
Beats. When 
tones of equal intensity and 
slightly different frequencies 
one 


two pure 


are sounded 
hears a single tone which waxes 
and wanes in loudness as the 
two waves go in and out of 
phase. The fluctuations occur 
at a rate equal to the difference 
between the frequencies of the 
two original tones. If the tones 


together, 


are 1000 and 1004 cps, then 
one hears a tone which increas- 
es and decreases in loudness 
four times a second. There are 
three stages through which 
beats pass as the difference in 
frequency is increased, the ex- 
act limits of each depending 
upon the frequency of the 
standard and the intensity lev- 
el. At first, with small differ- 
ences in frequency, there is the 
waxing and waning of a single 
tone, as described above. At 
about 6 cps difference, the beat 
effect experienced is one of in- 
termittence, which is unpleas- 
ant. At still higher frequency 
differences, say about go cps, 


the intermittence becomes a 
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roughness and this may persist up to several hundred cps. The lower 
limit for beats is variable, but may be of the order of one beat in a 
minute or more. At intermediate frequencies an intertone can be 
heard, along with the two primaries, and it is the intertone which 
beats. Beats are utilized by piano tuners to obtain more exact tuning 
than can be reached by dependence upon pitch discrimination. They 
are also a very useful experimental tool in exploring for aural har- 
monics. 

Combination Tones. At appropriate differences in frequencies of 
the two primary tones, combination tones appear as aural harmonies. 
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FIG. 12.4. The effect of a masking tone of 800 eps upon the thresholds for 

tones of various frequencies, at three levels of intensity. (After Miller.®) 
Combination tones are of two kinds, difference tones and summation 
tones. They sound like very faint tones of high or low pitch which 
accompany the two primary tones. The first difference tone is audible 
when the two primary tones are about 50 cps apart, and sounds like 
a low buzzing. As the difference in frequency of the two primaries is 
increased, the pitch of the difference tone rises. The first summation 
tone is much harder to hear; it has the same pitch as a tone of the 
frequency of the sum of the two primaries and, therefore, sounds 
high. 

There are combination tones corresponding to all the sums and 
differences of the two primary tones, and all their whole multiples 
(the harmonics) in all combinations, as can be shown by recording 
the cochlear potentials. But, as with overtones in musical instruments. 
certain ones are emphasized. Only a very few of the combination 
tones, usually the first difference tone and the first summation tone: 
can readily be heard even by an experienced observer. The distortion 
which produces these aural harmonics docs not arise from the mid- 
dle car, as was previously thought, but in the inner ear itself and, 
probably, in the actual receptor organs. 
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Masking. When the two tones presented to the ear are unequal 
in intensity, the more intense one tends to mask the other, the 
presence and strength of the effect depending upon the frequency re- 
lations between the two as well as their intensity relationships. The 
masking effect of a tone is measured in terms of the increase in thresh- 
old of the masked tone above its normal threshold. The masking 
effect is greatest in the frequency region of the masking tone. A 
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The masking effect of white noise of four intensity levels upon 
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given tone has the greatest masking effect upon similar tones, but 
If beats are induced, masking fails. 
e is increased the band ol affected 
frequencies spreads, but the spread is largely toward tones of greater 
frequency. Figure 12.4 shows the effect of a masking tone of Soo cps 
at three different levels of intensity. Note that the largest threshold 
ghborhood of 800 cycles for all in- 


two identical tones will summate. 
As the intensity of a masking ton 


increase is in the immediate nei 
tensities. The subsidiary bumps in the 
multiples of the masking frequency. At high 
arge masking effect upon 


curves represent an increase 


in masking effect for 
intensity levels, the Soo-cycle tone shows a! 
all higher frequencies but very little upon those below it. In general, 
we may say that high tones do not mask low 
The masking phenomenon probably 


tones, but low tones 


mask high ones very effectively. 
it does not appear in the cochlear 


arises in the cochlear nerve fibe 
potentials and is, therefore, not due to the receptor processes them- 
selves. 


176 Audition: continued 


A situation of some practical importance arises when we have 
masking of tones by noise. In any nonexpcrimental situation a sig- 
nificant level of background noise exists and this tends to mask 
music, speech, and other forms of signals. Since noise contains many 
frequencies, tones of many frequencies will be masked. Experimen- 
tally, “white” noise, noise containing all frequencies in equal 
amounts (by analogy with white light), is often used. Figure 12.5 
shows the effect of white noise in raising thresholds for tones of vari- 
ous frequencies. White noise at go db masks only the intermediate 
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frequencies, but at higher levels the masking effect is uniform 
throughout the frequency range tested. This means that there are 
no frequencies available which can be used for signals without in- 
creasing the intensity of the signaling tone so that it once more is 
brought above threshold. Noise levels of go db and above are not 
uncommon around machinery, and in submarines and airplanes, and 
the problem of communication between men in such situations is 
serious. Since the terminal threshold for audition is about 140 deci- 
bels, the usable auditory range is very much restricted under such 
circumstances. 

Adaptation. Auditory adaptation is not obvious to casual ob- 
servation. The roar of traffic or the ticking of a clock can be heard 
at any time of the day, if one turns one’s attention to it. It does not 
seem less loud after a period of time than it did at first; one merely 
ceases to attend to it. But adaptation, or, as it is more often called in 
audition, fatigue, is a very real phenomenon and can readily be dem- 
onstrated experimentally. The increase in threshold for a given tone 
can be measured after sounding another tone of a given frequency, 
intensity, and duration, and this increase is taken as the index of the 
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fatigue effect. The frequency is important in two ways. First, the 
stimulating frequency has the greatest fatigue effect upon test tones 
of the same or neighboring frequencies. This effect can be seen in 
Figure 12.6, where the greatest hearing loss is for test tones very close 
to 1000 cycles. As with masking, there are subsidiary peaks at the 
harmonics of the stimulating tone. Second, there is a difference in 
effect between high and low tones. Below Goo cycles, and with tones 
of weak or moderate intensities (below 40 db) , no fatigue is demon- 
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FIG. 12.7. Fatigue effect as a function of exposure 
time. (After Wever.") 


strable, whereas it is significant for higher frequencies.“ At higher 
intensity levels, the higher frequencies show a somewhat greater 
fatiguing effect. 

The duration of the stimulating tone is another factor of impor- 
s increase the threshold of the test tone. 


tance. Even very brief tone 
a second’s duration are often used 


Stimulating tones of less than half 
experimentally. Figure 12.7 shows the effect of increasing the ex- 
posure time upon tones of ened intensity levels. In all cases there 
is an increase in fatigue as the duration increases. With high inten- 
sity the effect is even more pronounc ed, Figure 12.10 shows this effect 
for tones of extremely high intensity whe 


rapid with increasing duration. 
Intensity of stimulation is also directly related to fatigue effect. 


This is obvious g 12.6, 12.7, and 12.8 where increasing the 
in vie ures / č 


intensity of the stimulating tone increases the hearing loss. Figure 
12.6 also shows another phenomenon — the increasing spread of ef- 
fect with increasing intensity. As the intensity is increased a greater 


re the increase in fatigue is 
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range of frequencies is affected, but this spread is largely to frequen- 
cies higher than that of the stimulating tone. In this respect, also, 
fatigue is similar to masking. 

Recovery from auditory fatigue is ordinarily very rapid. Figure 
12.9 shows the recovery from fatigue for four levels of intensity as a 
function of time. Recovery is virtually complete for all reasonable 
levels of stimulation in under half a second. With very weak tones 
(5 db), recovery time is of the order of 20 milliseconds. Recovery 
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FIG. 12.8. Effect of duration of stimulation upon hearing loss for 
various intensitics of stimulation with 750 cps tone, measured for 
1000 cps tone 2 minutes after start of recovery. (After Harris.°) 


time is increased by increasing both the intensity and the duration 
of the stimulation. In situations where men are exposed to high- 
intensity noise for extended periods of time, the reduction in sen- 
sitivity may be significant. In one study, exposure to submarine 
engine noise at the 110-db level produced sufficient hearing losses in 
all subjects to render speech communication less eflicient than nor- 
mal for a half hour or more." 

The locus of this fatigue effect is of some interest. Since it is a 
monaural process, that is, cannot be produced in one ear by stimu- 
lating the other, it is not a central process.? Neither is it to be found 
in the cochlear response. It is, therefore, judged to be a peripheral 
process, not in the receptor, but probably in one of the early neural 
processes. The fact that a fatigued ear shows loudness recruitment. 
as onc finds in nerve deafness, is taken as additional evidence for this 
conclusion.“ 
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There is no true after-image in audition. The after-effect of stimu- 
lation is not hearing some kind of a sound; there is no persistence 
of sensation after the removal of the stimulus. This is another ex- 
ample of the efficiency of the ear as an analytical instrument. Under 
very special circumstances there is a change in the quality of sounds, 
but the conditions under which this occurs are extremely artificial. 

Stimulation Deafness. The step beyond fatigue in auditory stimu- 
lation is a real impairment in function which may be either tempo- 
rary or permanent. The experimental work is done largely with 
guinea pigs because their auditory mechanisms are relatively more 


60 
50 
S 40 
S 
= 30 
18 
20 
FIG. 12.9. Recovery from A 
auditory fatigue induced 10 50 
by a gooo cps tone applied 3010 
lor 4 second. (After 20 80 120 160 200 240 280 320 
Rawnsley and Harris. 2%) Recovery Interval (Ms.) 


accessible, but the results are considered to hold reasonably closely 
arities in structure. In these experiments, a 
nsity is sounded for a period 


for man because of simil 
tone of given frequency and great inte 
of time and the loss in electrical response of the cochlea (cochlear 
potentials) is measured. Later, a microscopic examination of the 
cochlea may be made to ascertain the extent and location of the 
damage to the structure itself. The reduction in response to low 
tones is greatest toward the apex of the basilar membrane, that to 
high tones is greatest near the basal end of the cochlea. Where the 
was 10 db, microscopic examination showed 


loss in cochlear response 
nal hair cells in the corresponding part of 


a predominance of abnorn 
the cochlea; where the loss was 30 db, there was severe damage to hair 
cells or supporting structures or both. Permanent injury is produced 
to a tone of greater than 140 db." Figure 


by a one-minute exposure 
sic examination of the cochlea 


12.10 shows the results of microsco] 
after stimulation damage by tones of four different frequencies. The 
top figure shows extensive damage at the apical end of the basilar 
membrane and an average loss (as measured by reduction in cochlear 
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potentials) of 39 db. As the frequency rises, the damage shifts toward 
the basal end, but also becomes much more restricted in area, and, 


in these cases, the average loss in cochlear response is less for the 


higher frequencies. 
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FIG. 12.10. Lesions pro- 
duced in organ of Corti by 
tones of various frequencies 
at 1000 dynes per cm? for 
4 minutes. Black areas of 
full height denote no mi- 
croscopic damage, various 
proportions of white in- 
dicate various proportions 
of damage at the indicated 
distance from the basal 
end of the basilar mem- 
brane. (Wever ! after 
Smiths and Smith and 
Wever.15) 


Where people are subjected to intense sounds over long periods 
of time, or to very intense sounds momentarily (as in an explosion 


close at hand), permanent damage may result. There are large in- 


dividual differences in susceptibility in man, as in guinca pigs. A 


common defect is the “ boilermaker’s gap“ at about 1096 cps, but 
often the reduction in sensitivity is a more general one. Tinnitus 
may also result from overstimulation. In experimental work with 
human beings at intensity levels producing temporary hearing losses. 
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there is some evidence that high-frequency response is most af- 
fected.® Figure 12.11 shows the hearing loss induced by a 1000-cycle 
tone at 130 db at four different durations. Note the spread of effect 
upwards toward the higher frequencies as with masking and fatigue. 


This hearing loss was of a temporary nature. 
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FIG, 12.11. Hearing loss induced by a 1000 cps tone at 130 db for 1, 2, 4, 


and 8 minutes’ exposure. (After Davis, Morgan, Hawkins, et al.) 


The localization of sound involves com- 


Localization of Sound. 
the simplified experimental 


plex sensory and perceptual processes. In 
situation using pure tones, there are two factors of major importance: 
phase differences and intensity differences at the two ears. The 
eflicacy of these two factors depends upon the frequency of the sound 
wave, phase differences being most useful at low frequencies and 
intensity differences at high frequencies. Figure 12.12 shows the 
variation in error of localization as a function of frequency — errors 


— — FE BD NY 
N a o =e A 


Error of Localization (deg.) 


100 200 300 500 1000 2000 3000 5000 10,000 
Frequency 


FIG. 12.12. Errors of localization as a function of frequency. 
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are relatively small at low frequencies, but gradually increase up to 
about 3000 cps and then decrease again above ooo cps. There is 
evidence that observers can detect differences in phase of two tones 
led to different ears up to about 1500 cps but not for higher fre- 
quencies. There is also evidence that differences in intensity led to 
different ears can be detected with greater accuracy for high than for 
low tones. But such a statement oversimplifies the situation, for there 
are rather large differences in accuracy of localization under different 
conditions — room, sound cage, or open air; pure tones, complex 
tones, or noises. Actual measurements of the differences in sound 
pressure at the two ear drums have shown a significant sound shadow 
cast by the head, which is greatest when the source of the sound is to 
one side. The effect is most marked for high frequencies because 
sound waves of long wavelength (low frequency) can bend around 
corners more sharply than those of short wavelength (and high 
frequency). There is also an appreciable shadow cast by the pinna 
which is effective for the discrimination of front from backs Com- 
plex sounds, like clicks and hisses, are more readily localized than 
pure tones, for all cues may be used, since both high and low fre- 
quencies are present. 

In normal life, localization cues are not confined to purely audi- 
tory ones. Visual cues are used and often predominate over auditory 
ones, a bell-like sound being perceived as coming from a seen tele- 
phone instead of from a hidden source. Head movements enable one 
to vary the sound at the two ears and to maximize the cues, not only 
for right-left discriminations, but also for up-down positions, which 
do not have other cues and for which localization is otherwise poor. 
Learning must play a role in the development of accuracy, integrat- 
ing the above cues in the perceptual process and enabling the organ- 
ism to compensate for the fact that there are binaural differences in 
perceived loudness of a sound which may amount to as much as 
25 dh. In an ordinary room, where sounds are reflected from a great 
many surfaces, one would think that localization would break down, 
yet we know that we can locate a sound rather accurately under such 
circumstances. Some of these waves are, of course, much weaker than 
others, but of those which are nearly equal in loudness brief ones 
in close succession are fused and the localization is determined by 
the first of the two. 

Speech. The topics of speech and communication are broad ones 
with many ramifications into which we cannot go, but there are some 
aspects which are interesting in connection with the information we 
have been discussing. The frequency-intensity plots of normal speech 
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under average circumstances may serve to make some of the preced- 
ing discussions more meaningful. Figure 12.13 shows such a dis- 
tribution for average conversational speech for men and for women. 
Most of the energy is at low frequencies for both sexes, below 1000 
cps, in fact, but these frequencies are not the most important for 
intelligibility of speech. It should be noted that the curves for men 
and women are remarkably similar, except that the masculine curve 
shows a slight increase around goo cps, while the feminine curve 
shows a slight increase above 5000 cps. The average intensity levels 
of these curves are somewhat above 70 db at 30 centimeters from 
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the speaker, for average conversation. About 1900 cps is the mid- 
point in the band speech frequencies. If all frequencies above this are 
eliminated only 50 percent of test material heard can be recorded 
correctly and, similarly, if all frequencies below 1900 cps are elimi- 
nated. Elimination of the high frequencies affects the consonants 
more than the vowels and elimination of the low frequencies is 
more effective in reducing the intelligibility of vowels. 

Masking of speech by other sounds results in lower intelligibility 
due to missed syllables, although speech is rather resistant to inter- 
ference because of great redundancy and the amazing ability of hu- 
man beings to fill in a very sketchy sensory pattern perceptually. It 
is found that low frequencies produce greater masking than do high 
ones (cf. discussion of masking and Fig. 12.6). 

The effect of frequency distortion is important in the design of 
radios, telephones, and the like. While it is possible technically to 
design and build electronic equipment which will reproduce sound 
with great fidelity (so-called “ high fidelity ” music systems are con- 
cerned with this problem) , it is very costly and for most purposes un- 
necessary. For speech, the frequency range of 200 tọ 10,000 cycles 
is used and intelligibility drops as one progressively restricts the 
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band width. If the band width is restricted to 600-4000, then 
the intensity level must be raised 10 db in order to achieve even a 
60-percent score on a test of intelligibility in the presence of noise. 
For music, the restriction of band width is more serious. Listener 
tests, comparing various restricted ranges with the full-frequency 
range (usually 30 to 15,000 cps in good sound systems), show a 
noticeable deterioration in musical quality with any restriction what- 
ever, though, if any distortion is present in the full range, a somewhat 
restricted but distortionless reproduction is preferred. For this reason 
many manufacturers of radio equipment use a restricted range of 
frequencies, since increasing frequency range and maintaining qual- 
ity results in sharply increasing costs. 

Electrophysiological Evidence. Recording of action potentials has 
now been done at all levels of the auditory system, from the short, 
almost inaccessible primary neurons to the cortex itself. The charac- 
teristics of the potentials in various locations differ in form of wave, 
amplitude, latency, and frequency, as well as in responses to more 
complex aspects of stimulation. The action potentials of the auditory 
nerve show characteristics quite different from the cochlear micro— 
phonics previously discussed and quite similar to other sorts of action 
potentials. One of the major differences is the inability of the single 
fiber or even of the whole auditory nerve to “ follow ” the frequency 
of the stimulating sound wave. The cochlear microphonics follow 
very closely but action potentials do not. In the single fiber of 4 
primary neuron in the auditory nerve, the upper limit for synchroni- 
zation of the response and the stimulus appears to be about 00 im- 
pulses per second, although even this rate is not maintained for 
long. This means that an impulse appears at the crest of every sound 
wave in the cochlear potential, which always follows closely the stimu- 
lus wave (cf. Fig. 12.1). At the critical point, the nerve fiber can no 
longer follow and its rate of discharge drops suddenly to half. The 
fiber is then discharging at the crest of every second wave in the coch- 
lear potential. At still higher stimulus frequencies, the fiber will dis- 
charge at the crest of every third or fourth wave. At about 2000 cps. 
the synchronization in the single fiber is no longer apparent but, if 
one records from many fibers in the whole auditory nerve, it is ap- 
parent that there is orderly discharge within the total group, for 
synchronization is apparent up to about 4000 cps. 

As one traces impulses higher and higher in the central auditory 
pathway, the rate at which synchronous responses occurs decreases. 
In the medulla, a synchronization has been observed up to about 2500 
cps, at the inferior colliculi, up to 1000 or possibly 1500 cps, and still 
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lower in the cortical projection fibers. In the cortex itself, synchroni- 
zation is not evident. Characteristics of action potentials at various 
levels of the auditory system are shown in Figure 12.14. Note that 
there is a progressive change in characteristics as one goes from lower 


to higher levels (bottom to top) 
The wave form becomes progres- 
sively smoother; the latency, du- 
ration, and amplitude of the re- 
sponse increase. Greater intensity 
of stimulus usually results in 
more impulses per unit time. 

At all levels there appear to be 
fibers which are most sensitive to 
a restricted range of frequencies. 
This “tuning” is relatively 
sharp for threshold intensities, 
but broadens as the intensity is 
increased, Figure 12.15 shows 
the frequency-intensity response 
curves for four different second- 
ary neurons. Note that the high- 
frequency slope is virtually a 
straight line, that is, the cut-off is 
very sharp at the high-frequency 
end. Figure 12.17 shows a similar 
response curve for a recording 
site in the cortex; the spread of 
response increases as the intensity 
increases, and the spread is almost 
entirely toward the lower tones. 
; There is topographical organ- 
ization present to some extent at 
all levels of the auditory system; 
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FIG. 12.14. Oscillograms from nine 
stations in the central auditory path- 
way. (After Ades and Brookhart.?1) 


that is, the place of origin in the cochlea is reflected in the spatial 
arrangement of neurons. Recording of responses from single nerve 
fibers of the primary neurons has shown that those fibers arising from 
the basal turn of the cochlea may respond to tones of any audible fre- 


quency, but those arising from the 
of low frequency. There is a some; 


apical end respond only to tones 
vhat more obvious spatial arrange- 


ment of neurons responding to tones of different frequencies in the 
inferior colliculi and in the medial geniculate bodies. The spatial lo- 


calization in the cortex is extremely sharp. Figure 12.16 shows the 
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spatial organization of frequency representation in the cortex of the 
dog. In this study it was found that the frequency shifted one octave 
for each 2-millimeter displacement in the anterior-posterior direc- 
tion (for intermediate frequencies) and could even be shown to shift 
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FIG. 12.15. Response areas for four different secondary neurons. (After 
Galambos and Davis. 22) 


-1 octave per .2 millimeter displacement. This sharpness of position 
is limited to threshold levels of intensity, however; the higher the in- 
tensity the wider the band of frequencies to which a given patch of 
cortex will respond, as is evident in Figure 12. 1775 

Auditory Theory. Current auditory theories are much too com 
plicated and require too much knowledge of physical prine iples and 
of neurophysiology to present here in any detail. But an attempt to 
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present a simplified version of a combination of theories will per- 
haps serve to draw together a number of facts. As in other areas, dif- 
ferent theories arise because of different emphases in research, some 
authors turning their attention primarily to one phase of this ex- 


tremely complicated system and some to another. 
It is useful to consider the auditory system as a two-stage system. 


In the first stage, there is a mechanical analysis by the cochlear struc- 
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tures; in the second, there is neural analysis by all the parts of the 
nervous system involved in hearing. The mechanical analysis stems 
from the purely mechanical properties of the cochlea, which are not 
only complicated but involve such minute structures and movements 
that research is rendered difficult. Recent experimental evidence 
has led to the conclusion that the basiliar membrane is not under 
tension, so that it does not vibrate as a piano string does. It does 
change in width significantly, being rather narrow at the stapes end 
(basal turn) and relatively wide at the apex. The vibration of the 
Stapes sets up a traveling wave in the cochlea which produces a region 
of maximum displacement at some particular point. The region of 
maximum displacement depends upon the frequency of the sound 
wave; it is further from the stapes for low tones (which affect the 
apical end of the cochlea more strongly) and close to the stapes for 
high tones. Thus, there is a rough frequency analysis performed by 
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the cochlea itself. Presumably, this maximum displacement produces 
in turn a maximum bending of the hair cells in the Organ of Corti 
which rests on the basilar membrane. This bending then is respon- 
sible for a small flow of electric current, which is picked up by re- 
cording devices as the cochlear microphonic and which excites the 
nerve impulse. This frequency analysis by the mechanical properties 
of the cochlear system is rough, not nearly acute enough to account 
for the accuracy of pitch discrimination, and it is less acute for loud 
tones than for near-threshold tones. Loudness is presumed to depend 
upon the number of nerve fibers excited. This in turn would depend 
upon the spread of displacement to a broader region and the ex- 
citation of less sensitive fibers in the region originally subject to the 
maximum displacement at the particular frequency, 

The neural system is somehow responsible for the sharpening in 
frequency analysis which must occur between the mechanical analy- 
sis and the perception of pitch. Here the problem is like that which 
arises in visual acuity, where one also has a relatively gross analysis 
by receptors and accessory mechanisms, and the factors responsible 
are probably in part similar. These factors are not well worked out 
as yet, but probably involve higher order neurons with differing 
properties, such as elements which respond when a stimulus is re— 
moved, and inhibitory elements of various types. The frequency 
analysis of the cortex in terms of position is very sharp and this sharp- 
ness appears to develop gradually as one ascends to higher levels in 
the system. Hand in hand with this, the synchronization of impulses 
decreases as one ascends to higher levels. Thus, place analysis and 
frequency in the nerve fiber group both play a part, and possibly 
at some station in the system there is a translation from one to the 
other. It may be useful to consider the auditory system as a modified 
touch sense. They both respond to mechanical deformation of hairs- 
In hearing, there are accessory structures which heighten the sen— 
sitivity greatly, but the basic sensory change is similar. As in touch. 
identification of place stimulated does not depend upon the excita- 
tion of a single spot. In both cases there are many fibers and branches 
involved and the accuracy of localization stems from what the cen- 
tral nervous system is able to do with the pattern of signals which 
it receives. The central nervous system is not a placid lump of proto- 
plasm, but a complex and dynamic system, and it should not be 
surprising that it makes a significant contribution to the acuity of 
perceptions of all sorts. 
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13 Vision 


The importance of vision as a sense need not be belabored. It ap- 
pears, however, that it is considerably more difficult for the student 
to apply what he has learned about sensation to vision than in the 
case of any other sense. In particular, the principle that what is 
sensed is determined to a large extent by the characteristics of the 
organism seems harder to grasp. That color, for example, does not 
reside in the object, that a book is not really, ultimately red, even 
though most of us see it as red, is difficult to accept, in spite of the 
fact that the principles of the adequate stimulus and of adaptation 
are well known. Somehow one is better able to detach the odor from 
an object than its color or shape or position. Vision is such a large 
and complex field that it becomes necessary to choose one area and 
its relevant facts and to give scantier coverage to other aspects. In 
keeping with the purpose of this text, we will emphasize the psycho- 
physiological aspects and will accord very brief mention to the physi- 
cal and industrial approaches, important as these are in professional- 
level knowledge of the field of color today. 

Anatomy and Physiology. The eye is a roughly spherical struc- 
ture embedded in a deep bony socket. It is held in place and its move- 
ments are controlled by three pairs of striated muscles which are re- 
sponsible for convergence. Figure 13.1 shows the gross structure of 
the eye.’ Essentially it is a semiclastic body, having three outer layers 
enclosing a liquid-filled interior. Its outer layers or coats are pierced 
by the optic nerve (cranial nerve II), which emerges on the nasal 
side of the midline of each eye. The three outer coats are, from out- 
side in: the sclerotic coat, a tough protective membrane, the chorioid, 
a layer containing blood vessels (and continuing forward, the iris)! 
and the retina, the layer containing the receptors themselves and 
many nerve cells and connecting fibers. At the front of the eye, the 
sclerotic coat becomes transparent and is called the cornea. The eye 
is divided into two major portions by the lens and its accessory struc- 


tures. The cavity between the cornea and the lens is filled with a 
viscous, clear liquid called the aqueous humor. The cavity between 
the lens and the retina is filled with liquid having slightly different 
characteristics, called the vitreous humor. Light must thus pass 
190 
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through numerous layers before reaching the retina; it must pass 
through the cornea, the aqueous humor, the lens, and the vitreous 
humor, and between each of these it is refracted to some degree and, 
also, some scattering of light occurs. The greatest amount of refrac- 
tion occurs at the cornea. 

The lens is responsible for our ability to bring objects at various 
distances into clear focus. Changes in focus, i.e., accommodation, are 
brought about by means of the 
ciliary muscles, smooth muscles 
which allow the lens to flatten 
when they relax, and allow the 


posterior chamber 


lens to bulge when they con- 2 . N 
tract. When the lens bulges, ora terminais” 
near objects are brought into | 
focus. The iris contains various ET 


amounts of a brown pigment M eo o coger- 
Which gives color to one's 
“ eyes ” — light-colored eyes 
contain little or no pigment. 
The diameter of the opening in 
the iris— the pupil— is con- 


trolled by two sets of smooth FIG. 13.1. Diagram of gross anatomy 
muscles in the iris under the of the eye. (After Walls.) 
control of the autonomic nerv- 


ous system. One of its important responses is to char 


tion; it becomes very small (about 2 millimeters in diameter) in 


bright light, and becomes large (about 8 millimeters in diameter) in 


very dim light. The latter is one of the factors in dark adaptation. 
is a schematic 


nges in illumina- 


The retina is a very complex structure. Figure 13.2 
diagram showing the ten layers which have been described.? The 
Visual receptor cells, the rods and cones, lie in the outer layers of the 
retina. In the layers interior to them lie a number of kinds of bipolar 
and ganglion cells and large numbers of connecting nerve fibers. The 
greater part of the retina is thus seen to be taken up with nerve cells 
and their connections. One fact should be noted well — the nerve 
cells lie interior to the receptors and, thus the light must pass through 
the layers of nerve cells and fibers in order to reach the light-sensitive 
receptor cells. Awkward as this arrangement seems, it works remark- 
ably well. At the region of clearest daytime vision, where the light 


rays are focused when one is looking directly at an object, some modi- 


fication of the retina occurs. This region is called the fovea (see Fig. 


13.1) and here the inner layers of nerve cells and fibers are pushed 
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aside, making an indentation, so that the light has more ready access 
to the receptors. 

The rods and cones have many points of similarity. They are 
elongated cells, with the cell bodies toward the inner ends of the 
cell, and with the photosensitive substance in the outer scements of 


so ICES bub ob ue 


FIG. 13.2. Schematic diagram of retina. A, rods; B, cones; H, D, bipolar 
cells; S, ganglion cells. (After Polyak.) 


the cell. Figure 13.2 shows the general structure of each, The rods 
are more cylindrical and thinner than the cones and the photosensi— 
tive pigments are different. These photosensitive pigments are trans- 
formed by light into slightly different chemical compounds, During 
this process energy is given up, which initiates further ¢ hanges in the 
visual system. The chemical changes are now rather well understood 
in the case of the rod pigment, rhodopsin, but not as yet worked out 
for the cone pigment (or pigments) , iodopsin. These changes in the 
photosensitive pigments are but the first step in a complex system. 
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The nature of the process which actually initiates the nerve impulse 
is as yet unknown. 

The rods and cones have different distributions in the human 
retina. Only cones are found in the fovea, where they become very 
slender, are thickly packed, and have direct one-to-one relations with 
some bipolar and ganglion cells (one cone being connected with one 
bipolar cell which is in turn connected with one ganglion cell) as 
well as the usual diffuse relationships. This is the area of clearest 
daytime vision and of maximum color vision. The cones are thus 
the receptors for high illumination and for color vision. As one goes 
toward the periphery, the cones become fewer, until the extreme pe- 
riphery is reached where there are few cones, diffusely connected. 
Contrariwise, the rods begin to appear outside the foveal region and 
increase in number as one goes toward the periphery, up to about 
20° from the fovea. They are the receptors for night vision and, since 
there are no rods in the fovea, one must look a little to one side to 
see a dim object or a faint star; the fovea is blind in very dim light. 
The rods are color-blind, which is well-described in the saying At 
night all cats are gray.” 

The middle layers of the retina contain the bipolar cells, nerve 
cells which are intermediaries between the rods and cones and the 
cells which provide the fibers for the optic nerve, the ganglion cells. 
The bipolar cells are connected to one or several cones, or to several 
rods, and are in turn connected with one or several ganglion cells. 
(There are also cells in the middle layers which interconnect parts 
of the retina, allowing retinal interaction.) The ganglion cells send 
their axons streaming across the retina toward the point of exit of 
the optic nerve. All fibers leaving for the central nervous system 
gather together at a single region and the eyeball is pierced only 
once, Since there are many fibers involved, the optic disc, as the 
region of exit of the optic nerve is called, is of appreciable size. It 
contains no receptors and is blind, hence the name, blind spot.” 
Images falling entirely within the blind spot (and not falling on the 
retina of the other eye) are not visible, but images which extend out- 
side the blind area are filled in and one is not even aware of the 
existence of it without special techniques. The optic disc is about 15° 
toward the nose from the fovea and appears in the outside portion 
of the visual field for the given eye. 

It is probably obvious by now that the visual system is quite dif- 
ferent from other sensory systems neuroanatomically. Note that the 
first and second synapses of the system occur within the retina itself, 
So that the neurons which send their axons to form the optic nerve 
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are third-order neurons. Figure 13.3 shows schematically the course 
of these fibers and the subsequent connections in the CNS.* Note 
that the axons from the right side of both retinae go to the right side 
of the brain because the fibers from the inner side of the left eye 
cross in the optic chiasm. Similarly the fibers from the left side of 
both eyes go to the left side of the brain. The optic nerve fibers 
have two major terminal stations. Some fibers terminate in the su- 


FIG. 13.3. Schematic diagram of nervous connections of 
the visual system. (After Polyak.?) 


perior colliculi, where connections are made to the motor nuclei of 
cranial nerves III, IV, and VI, serving reflex eye movements. The 
other fibers, by far the largest number, travel to the lateral geniculate 
bodies in the thalamus, where they synapse with the cortical projec- 
tion fibers. The latter go directly to the cortex of the occipital lobes 
(area 17), which is the primary sensory area for vision. Spatial rela- 
tionships are well maintained both in the lateral geniculate body 
and in the cortex, although there are many more fibers in the cortical 
projections from the thalamus than in the optic nerve itself. 

The Stimulus. The adequate stimulus for vision is electromag- 
netic radiation of certain very restricted wavelengths. The entire 
band of electromagnetic radiation extends from very short wave- 
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lengths, where X-rays are found, through the ultraviolet to visible 
wavelengths (light waves), and then on through the infrared, or 
heat rays, to the long wavelengths associated with radio waves. Figure 
13.4 shows the electromagnetic spectrum. The visible spectrum is 
seen to be but a very small portion of the total. The usable limits of 
the visible spectrum lie between about 400 millimicrons and about 
750 millimicrons. Ordinarily wavelengths beyond these limits are 
not stimulating to the eye. The visual receptors can be stimulated in- 
adequately by pressure and electric current. You can easily demon- 
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FIG. 13.4. Diagram of the electromagnetic spectrum showing the relative 
size of the visible spectrum. (After Chapanis, Garner, and Morgan.®) 


strate the former to yourself by turning the eyes far to the right and 
pressing on the left eyeball at the extreme left-hand side with the 
finger tip. A small colored spot will appear in the extreme right 
Visual field because of the mechanical stimulation of the receptors at 
the extreme left margin of the retina. 

The stimulus can be varied in three ways: 
amount, and in homogeneity of the light. Reference to Figure 13.4 
ngth possible between the limits of 
that the wavelengths 


in wavelength, in 


will show the variation of wavele 
Visibility. It should be emphasized, however, 
themselves are not colored; the problem of color is a psychophysical 
one which we shall discuss shortly. The stimulus may also vary in 
amount of radiant energy present at each wavelength — in everyday 
terms, the light may be dim, moderate, or very bright. For precise 
definition, the amount at each wavelength must be specified, but for 
some purposes it is sufficient to indicate the total amount of light 
emitted by a source, or falling on a surface, or reflected from a sur- 
face. The third physical variable is homogeneity of the light, that is 
to say, the distribution of wavelengths present in it. A homogeneous 
light is one in which only a very small band of wavelengths occurs — 
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say one or two millimicrons wide. A nonhomogeneous or heterogene- 
ous light is one in which many wavelengths are present, perhaps even 
the entire visible spectrum in various amount, as in daylight. We 
shall see what these various conditions mean in terms of vision, but 
at present we are only interested in the stimulus itself and in the 
ways in which it can be described. It is necessary, then, that a stimulus 
be specified in terms of wavelength, amount of radiant energy present 
in each wavelength, and the relative homogencity of the light. White 
light is a rather complex psychophysical problem, but the term is 
loosely used to mean any light which is physically complex (exceed- 
ingly heterogeneous) and produces no obvious or strong color for a 
normal observer. White light usually contains most of the wave- 
lengths to which the human eye is most sensitive. 

Psychological Dimensions and Relationships. If we now turn to 
the purely psychological dimensions of vision — what we see and the 
ways in which this can be independently varied — we must forget. 
for a moment, all about the stimulus. The psychological dimensions 
are three in number also, but it must not be assumed that these have 
any necessary relationship to the physical variables — that is some- 
thing which we must investigate later. A visual sensation, a “color,” 
may vary in hue, in brightness, and in saturation, and any of these 
may be varied independently of the others. For an accurate descrip- 
tion of a color, then, each of these must be identified. Hue is that 
aspect of color which the layman usually means when he says color.“ 
It is the redness, blueness, greenness, yellowness, and can be defined 
only by immediate reference to an example. I point to the sky on a 
clear day and say. That is what I mean by blue.“ Brightness is that 
aspect of color which is represented by the difference between a 25- 
watt bulb and a goo-watt bulb in a lamp, or between a light blue 
sweater and a dark blue sweater, or pastels versus colors. Saturation is 
that dimension which can be used to describe the difference between 
the color of the ocean on a bright, hazy day and on a clear day — 
gray-blue versus clear blue of about the same brightness. It is the 
grayness of a color. 

Figure 13.5 shows a schematic representation of the three psycho- 
logical dimensions and their telationships. All the space inside the 
color solid represents possible colors. It is apparent that one may go 
in any one of the three dimensions without changing the other two. 
One can vary hue by going around the color solid at the same level 
on the black-white (B-W) dimension and keeping the same distance 
from the center. One may vary brightness by moving up and down 
parallel to the B-W dimension, but not moving around the hue circle 
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or varying the distance from the B-W line. Finally, one may vary the 
saturation by moving in towards the B-W line at the same level, with- 
out moving around the hue circle. Thus, the dimensions are concep- 
tually independent, although it may prove extraordinarily difficult to 
achieve this ideal situation in actual practice. Note, for future refer- 
ence, the spatial relationships of the seven key points on the diagram, 
Black is opposite white, red is opposite green, and yellow is opposite 
blue. The exact center of the dia- 
gram is a point called neutral gray 
— it has no opposite. The color sol- 
id also shows the important psycho- 
logical fact that it is impossible to 
have highly saturated colors which 
are at the same time very light or 
very dark. As one moves toward ei- 
ther the black or the white pole on 
the outside of the solid, at the same 
hue, one moves closer and closer to 
the B-W line, until saturation is en- 
tirely lost with colors of extreme 
lightness or darkness. This is exem- 
plified by the difficulty in distin- 
guishing between“ midnight!“ blue 


Ww 


Brightness 


B 


and black. FIG. 13-5- Diagrammatic represen- 
T P 2 tation of the relationships among 
The seven key points on the dia- the psychological dimensions of vis- 
gram are said to be the “ psycholog- ual sensations. 
ically unique ” colors, in terms of 
Which visual sensations may be described. The red, for the observer, 
is one which is neither yellowish nor bluish, the blue is one which is 
neither reddish nor greenish, and so on. The white must be the 
brightest possible color, with no hue, and neutral gray must be no 
blacker than it is white. A psychological description of a patch of 
color might thus be as follows: a yellowish red of medium brightness 
and low saturation (it would usually be called brown). The Munsell 
color system is a standardized reference system, based upon these 
three dimensions, which provides sample colors at many points. All 
one needs to do is to match one’s own sample with one of the Munsell 
chips and the approximate description can be read off directly. It 
takes considerable practice to describe colors even reasonably accu- 
rately, so such systems are great time-savers. 
i The Psychophysics of Vision. We are now in a position to con- 
sider the relationships that exist between the stimulus dimensions 
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and the psychological dimensions. These relationships are not sim- 
ple. In general, one may say that hue is primarily correlated with 
wavelength, brightness is primarily correlated with amount of radiant 
energy, and saturation is similarly related to homogencity of light. 
However, these relationships are rough at best and many factors 
enter to modify them. 

If we state that, in general, hue is related to wavelength, we must 
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take account of the factors which modify the statement. It will be im- 
mediately obvious that for the color-blind or color-weak individual 
the normal relationships (indicated in Fig. 13.4) do not hold. It is 
also true, as we shall see, that in after-images there is hue without a 
stimulus which can be specified in terms of wavelength, and the state 
of adaptation is an important determiner of hue. In dim light, where 
the rods alone are functional, there is no hue at all, regardless of the 
wavelength of the light, for the rods are completely color-blind. Hue 
can also be modified somewhat merely by changing the amount of 
radiant energy. 

The statement that brightness is correlated with amount of radiant 
energy must be similarly modified, for brightness is easily seen to be 
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related also to wavelength. Wavelengths beyond the visible spectrum 
demonstrate this nicely. With very short or very long wavelengths, 
there is no stimulus which will excite the receptors. No matter how 
great the amount of radiant energy, there is no brightness, for the 
energy is not visible. Moreover, there is a variation in the brightness 
produced by the same physical energy at various wavelengths within 
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FIG. 13.7. Diagram of human visual thresholds. (After 

Bartley.®) 
the visible spectrum. Figure 13.6 shows this function in terms of 
thresholds. The most effective wavelengths in terms of producing 
brightness for the normal human eye are those in the neighborhood 
Of 555 millimicrons for the cones, and about 511 millimicrons for 
the rods. 

Finally, we also modify the statement that saturation is dependent 
upon homogeneity of light, for with dim light, where rods alone are 
functioning, saturation is zero even with the most homogeneous 
light. Even with the cones operating, saturation is dependent upon 
amount of radiant energy to the extent that dim or very bright light 
reduces saturation; the best saturations are obtained with moderate 
amounts of radiant energy. And some wavelengths produce more 
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saturated hues than others; the yellows are less saturated than the 
other primary hues. 

Visual Thresholds. It has been calculated that the actual thresh- 

old for the stimulation of one rod, under optimal conditions, is one 
quantum of radiant energy, the smallest measurable unit of light. 
F rori r 

However, due to a number of factors, a larger amount must pna 
the eye and several rods must be stimulated for sensation to occur, 
so that experimental results 

yield thresholds a good deal 


—0.4 larger than this. As one would 
expect from variations in the 
—0.8 fineness of the mosaic of the 
So retina and from variations in 
4 —1¹² the number of diffuse connec- 
E tions over a retinal arca, the 
—1.6 absolute threshold is depend- 
ent upon the size of the stimu- 
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FIG. 13.8. Brightness discrimination. 
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fades. At twilight, reds and oranges darken as greens and blues be- 
come relatively lighter. This effect, called the Purkinje phenomenon, 
Tepresents the shift from cone to rod vision and can easily be pre- 
dicted from the curves in Figure 13.6. 

In vision, three kinds of difference limen are important: those for 
brightness, those for hue, and those for saturation. As in the case of 
absolute thresholds, many factors can be expected to influence the 
brightness limens. Figure 13.8 69 
shows a typical curve for bright- 
ness discrimination. There is an 
increase in the Weber fraction 
as the intensity increases; it is 
nota straight line function. The 
curve is discontinuous because 
of the shift from rod to cone vi- 
sion. Discrimination can be seen 
to be very fine for low intensi- 
ties and relatively gross for high 
intensities. There are over 500 0 a a 70 
JND steps in the brightness dis- A in millimicrons 


crimination scale. 


2 
4 


FIG. 13.9. The variation of hue dis- 


The discrimination of hue is crimination with wavelength. (After 

not a constant function but var- Geldard.*) 

ies with wavelength, as Figure 13-9 shows. The finest discriminations 
occur in the blue-green and orange regions, where it is of the order 
of 1 millimicron, the poorest in the extreme spectral reds and violets. 
These data do not show discrimination in the purples, since they are 
not found in the spectrum but are formed by mixing red and blue 
lights. There are about 128 JND steps in the spectral hue series and 


about 28 in the purples. Depending upon the hue, there are some- 
23 JND steps in the saturation series for a 
ation of the number of discriminably 
account, has been esti- 


where between 16 and 
given hue. A rough approxim 
different colors, taking all dimensions into 
mated as about 10 million. 

Perimetry and the Color Zones of the Retina. 
the structure of the retina itself that visual acuity will be less as one 
goes from the fovea toward the periphery. It is not obvious that there 
are also changes in color responses which go hand in hand with these 
e investigation of areal differences in 
tus which permits small test objects 
s. If test objects of various colors 


It is obvious from 


changes. Perimetry refers to th 
the retina by means of an appara 
to be moved along known course 


are used, it is found that the extreme periphery is color-blind and 


202 Vision 


iv T 
that the blue and yellow fields are more extensive than the oa 5 
e or 
red and green. Figure 13.10 shows the extent of each of the fields 
5 ; F 1 a 0 a 
standard conditions. The exact extent of the fields ee peer ae 
a: i 8 which is the 
large number of factors, among the most important of * . 
intensity of the stimuli. These results do not hold for extremely sma 


FIG. 13.10. Retinal color fields of right eye with a small test object of mod- 
crate intensity. (After Dimmick.») 


or extremely large test objects. Standar 
change color as they are brougl 
orange disc will first appear as 


d test objects will be seen to 
it in from the extreme periphery. An 
gray, then will become a yellow, and 
finally will appear orange, as it enters the smaller red field, Similarly, 
a blue-green disc will first appear gray, 
finally blue-green. One is no 
normal course of events, any 
Spot; we usually look directly a 
laps several zones is seen as a u 
color. There 


then become blue, and 
t aware of this change in color in the 
more than one is aware of the blind 
tan object, and an object which over- 
nit and in its“ best,” 


or most central, 
are only four invariable col 


ors, or physiologically 
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unique colors, as they are often called: a red, a yellow, a green, and 
a blue. These do not change in hue but are first seen as gray, and 
without going through 


then change to their proper direct-vision color 
do not cor- 


an intermediate step. These“ physiological primaries ° 
respond exactly with the “ psychological primaries,” unfortunately 


for color theory. 
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lter passes longer wavelengths 
only the shorter 


FIG. 13.11. The subtractive (A) and 
0) is white. Red fi 
appears reddish. Blue filter pa 
the light (2) falling on it contains only long wave- 
lengths, it can pass only a few middle wavelengths, so the light at (3) con- 
appears yellowish green. Green filter passes the middle 
4), falling on the screen, is thus yellowish 
added to the total. The result here is 


Light from the source 
only, so light at (2) 
wavelengths, but since 


tains only these and 
wavelengths, and the light at ( 
green. B. Light from each source 1S 
white. 

Stimulus mixture in vision is a rather com- 
f great importance industrially, because of 
lors, as in paints and yarns, and of the 
ality in the grading of some products, 
basically three kinds of mix- 
active mixtures of lights, and 


Stimulus Mixture. 
plicated topic which is o 
the problems of matching co 
use of color standards of qu 
such as tomatoes and paper. There are 


tures: additive mixtures of lights, subtr 
mixtures of pigments. Mixture of pigments is an empirical affair, the 


results depending upon the particular pigments in the paint, and has 
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no generality of application. Subtractive mixture of lights e 
when light passes through successive layers or filters, cach one posme 
only a selected band of the spectrum. The light falling on each m4 
cessive layer contains only those wavelengths which were not 0 
tracted by the preceding layer. Figure 19.11A shows the principle 
involved in subtractive mixture. It is not of great importance but 
should be understood, since interposing two filters in a pt aai 
of light will give results of this sort. It is the basis of the color apa 
which occurs in color film where three layers, each a different color, 
are used to “ match ” all the colors of a scene. : 
The additive mixture of lights is shown in Figure 13.11B. In this 
procedure, each beam of colored light is independently süperimposed 
upon the same spot, so that all the wavelengths in every beam = 
still present; in other words, they are added together, Additive aue 
ture also occurs in newspaper color pictures composed of fine dots 0 
three colors and in color television, where fine lines of three different 
colors are not resolved by the eye bec 


ause they are below the limit of 
visual acuity and so are perce 


ived additively as a single unit. Mixture 
produced by the rapid rotation of a disc with sectors of variously 
colored papers, as is the usual method in demonstrations in the class- 
room, produces almost the same results as additive mixture of lights 
and the same principles apply for hue and saturation, Speaking on a 
strictly psychological level and referring to Figure 13-5, one may ex. 
press the results of additive mixture very generally as follows. Stimuli 
which give adjacent hues on the color square of Figure 13.5 will, 
when mixed, give hues which are intermediate between them; thus, 
red and yellow give orange, green and yellow give yellow-green, and 


so on. Stimuli which give nonadjacent hues on the color square do 


not, when mixed, result in intermediate hues 
saturation; thus, certain pairs of blue 
tain pairs of red 
and the blue 


but merely reduce 
and yellow give gray, and er 
gray. The red and green pair 
aid to be complementary, that is, 
they give achromatic color: gray or 
opposite each other on the color square; every 
color on the color square has a color Opposite it which is its comple- 
ment. For every color there is some other color which will mix with 
it to give gray. This statement holds true for the 
since mixture can also compensate 
brightness. In the same sense, black and white are complements, be- 


cause when mixed they give gray. The saturation of mixtures is al- 
ways lowered, for the light is less! 


late of Saturation) , 


and green also give 
and yellow pair are 8 
when the stimuli are mixed, 
white. Such colors are 


entire color solid, 
for variations in saturation and 


VoMogeneous (see stimulus corre- 
The rule for brightnes 
for colored Papers. For lights, brie 


s is different for lights and 
ghtness must always increase with 
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mixture because one is actually adding more energy to the system 
(see stimulus correlate of brightness) . For papers, brightness aver- 
ages; alternating two sectors of different brightness contributes less 
total energy to the system than does a disc entirely covered with the 
paper of the higher brightness. 

The results obtained by the additive mixture of lights have been 
important in two respects — in the practical problems concerned 
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with the specification of color matches and reproduction of color, and 
in the theoretical problems concerned with theories of color vision. 
Tt is presumably possible to match all hues by the additive mixture 
of three properly chosen, homogeneous, spectral lights. Figure 13.12 
shows the amount of each of three standard primaries required to 
match all spectral hues for norm 


al observers. It is assumed that, be- 
cause of this, only three kinds of cones are necessary to produce 
It should be note 


d that the curves in Figure 
13.12 dip below zero in some places, indicating that a negative 
amount of that primary is required for matching spectral hues in 

mixture, this merely means adding 


that region. In terms of stimulus 1 
a small amount to the light to be matched. It is not clear what it 


could mean in terms of real physiological processes. Furthermore, the 
matching of all dimensions of color is not perfect; in particular, it is 
impossible to match saturations to any great extent. This topic will 
again be considered in the section on theories of color vision. 


Normal color vision. 
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Adaptation. 
are of importance: 


In vision there are two aspects of adaptation which 


brightness adaptation and chromatic 
adaptation. The first of these is the 


(color) 


more obvious. It consists of two 


5 Š Ban fe r 
related processes, dark adaptation and light adaptation; in othe 
words, it is concerned with level of illumination. Both processes are 

: "En BP an 8 ring 
illustrated when one attends a movie in the daytime. Upon entering 


the darkened theater 


Log Threshold (uul) 
w > ao E N 


0 5 10 15 20 25 30 
Time in Dark (Min.) 

FIG. 14.1. The course of dark adap- 
tation. The break in the curve repre- 
sents the shift from cones to 
Note rapid adaptation of cones, fol- 
lowed by slow adaptation of rods, 
(After Hecht and Shlaer. ) 


rods, 


adaptation may easily be seen. There 


ity (the thresholds become lower) 
adaptation is almost comple 
changes can be shown ev 


adapt r 


Figure 13.7 showed the level 
affair of the 
rhodopsin, is ble 
course of dark adaptation is re] 
this visual pigment. 
perienced illuminati 


takes to build up a sv 


iſſicient supp 
206 


one can see nothing because he is adapted to 


daylight, a high level of illumi- 
nation, and is said to be light- 
adapted. After a period of time, 
seats and people become visible 
and more and more detail de- 
velops. This is the process of 
dark adaptation and at the end 
of a period of time in dim light, 
one is said to be dark-adapted. 

Figure 14.1 shows the course 
of dark adaptation, following 
adaptation to a high level of il- 
lumination and using a test 
light of short wavelength, The 
major features of normal dark 
is a gradual increase in sensitiv- 


as time in the dark increases. Dark 


te in about 30 minutes, although slight 
en after this, The bre 
7 minutes represents the end of the 


ather quickly but do not funct 


ak in the curve at about 
adaptation of the cones — they 
ion at all in extremely dim light. 


at which vision becomes the exclusive 
rods (scotopic vision). The 


ached by light and i 


Visual pigment in the rods, 


s built up in the dark. The long 
ated to the time nece 
The greater the intensit 
on and the greater 


ssary to rebuild 
y of the previously ex- 
its duration, the longer it 


ly of rhodopsin. A day at the beach, 
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with its tremendously high level of illumination, will interfere sig- 
nificantly with the level of dark adaptation which one is able A 
reach that evening. On the other hand, if one is fairly well dark- 
adapted, driving along a lonely road, the light from an on-coming 
car produces only a brief loss in sensitivity, because the time during 
which the lights are seen is brief. 

As Figure 13.6 showed, the rods do not have the same visibility 
curve as the cones; it is displaced toward the short-wave end of the 
spectrum. The rods are relatively more sensitive to light of short 
Wavelengths and much less sensitive to light of long wavelengths. To 
r black (i. e., red does not stimulate) 
and blue-greens and blues appear light gray. A curve like that in 
Figure 14.1, but drawn for light of long instead of short wavelength, 
would show only the first part of the curve, that for the adaptation 
of the cones. Similarly, a curve for a stimulus which is small and con- 
fined to the fovea would show only the first part of the curve, for 
there are only cones in the central fovea and very dim objects cannot 


be seen there. 

There are three parts to 
pupil enlarges rapidly, admit 
the cones become more sensitiv 
the dark. Finally, the rods bec 
ing the first go minutes or more 
Sensitivity is about 10,000 times. 

Light adaptation is the reverse process. The pupil contracts, reduc- 
ing the amount of light admitted; the cones become less sensitive; 
and the rhodopsin in the rods is bleached, very much reducing their 
Sensitivity. Above .01 millilambert the rods do not function and we 

aptation takes place relatively rapidly; 


have photopic vision. Light ad 
a very few minutes are required to reach substantially complete 


adaptation. 

Vitamin A is important in dark adaptation because it is the raw 
material from which rhodopsin is made. Vitamin A deficiency has 
been shown to be related to inability of the rods to recover after ex- 
posure to light. An individual with extreme vitamin A deficiency 
shows only the cone adaptation curve and is said to be “ night-blind.” 
Night blindness is obviously important in driving, or even walking, 
at night. 
: There are many situations in which the greatest possible sensitivity 
in dim light is vital. This is the case in night flying, particularly com- 
bat flying, where ability to sce a little better than the enemy makes 
all the difference. Flyers scheduled for night combat must be dark- 


the dark-adapted eye, reds appea 


the process of dark adaptation. First, the 
ting more light to the retina. Secondly, 
e during the first 7 to 10 minutes in 
ome very much more sensitive dur- 
in the dark. The total increase in 
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adapted before they take off. Since sitting ina totally dark 2 8 a 
half hour can be very boring, as well as a waste of time, red gogg “i 
are often used. Reference to Figure 13.6 will show that the rods are 
very insensitive to “ red ” light, whereas the cones are much 
sensitive. Red goggles permit one to see, by cone vision, well prin 
to go about one’s duties, but they reduce the amount of light w va 
is stimulating to the rods almost to insignificance. For the same rea 
son, using red glass on lighted dials in the cockpit will interfere less 
with the course of dark adaptation than will glass of any other color. 
This fact is also made use of in the navigation of vessels at night, 
where the utmost in sensitivity is essential to see hazards of many 
sorts. Some charts are so printed that they may be read under ren 
light, thus enabling the navigator to check his position without mak- 
ing him temporarily night-blind. 

Chromatic adaptation deals with qualitative changes, rather eae 
with general level of Sensitivity. It refers to the fact that, other things 
being equal, colors tend to become grayer or more “ washed out 
with continuing stimulation. If, on a gray day when the daylight is 
Not strongly colored, one walks into a room which is illuminated by 
ordinary incandescent bulbs, one is impressed by the definite yellow- 
ness of the light. After a period of time in the room, however, the 
yellowness disappears. Chromatic adaptation has occurred; the yellow 


has become desaturated, has become grayer, has lost its hue. The 
same phenomenon occurs with 


a small spot of color. If you stare at 
it without moving your eyes, 


it gradually becomes less and less satu- 
rated, it appears washed over with gray. This e 


fect is more pro- 
nounced and more complete 


with colored general illumination and 
with colors which are not highly satur: 


ated to begin with, partly be- 
cause it takes a long time to 


adapt chromatically to saturated colors 


ot keep his eyes perfectly still. But re- 
cently complete chromatic adaptation to a rather saturated stimulus 


has been shown to occur for a homogeneous visual field. White” 
light, which is hueless, is the only illumin 
this effect and is, therefore, essential for color matching or color judg- 
ments. Many modern Stores attempt to provide neutral illumination 


which avoids to a large extent chromatic adaptation, and also dis- 
torts the colors of objects less. 


After-sensations, 


and, also, because one cann 


ation which does not have 


Whereas adaptation re 
lation while it is occurring, a 
duced after the stimu 


fers to the effect of stimu- 
fter-sensations refer to the effect pro- 
ilus is removed. The term ‘ 
quently used interchangeably with 
the reference is to the p 


“after-image ” is fre- 
after-sensation.“ In either case. 
ersistence of sensation after the removal of 
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the stimulus. After-sensations occur in many senses, but nowhere are 
they as many and as varied as in vision. There are three distinct types 
of visual after-sensations, usually corresponding to different kinds of 
original stimulation, though several may occur in response to one 
stimulus. With very intense light, “ flight of colors” occurs — the 
stimulus is followed by a changing sequence of purples, blues, yel- 
lows, greens, reds, and so on. The exact sequence and duration vary. 
Flight of colors follows looking directly at the sun, for example, 
though this stimulus is so intense that if the duration is anything 
but very short, the after-sensations may persist for a long time. With 
moderately intense but very brief stimulation, positive after-sensa- 
tions may be observed. As the name implies, a positive after-sensation 
is one which is just like the original sensation; it has the same hue 
and brightness relations. It is usually fleeting and hard to observe 
without practice. It can best be seen by looking at a brightly lit sky 
from a fairly dim room through a window that has some bars or cross 
pieces. Then, if one opens his eyes and closes them again rapidly, he 
lash of bright sky and dark bars just after he 
positive after-sensation is followed by the 
in which the hue and brightness relations 


Will sce a very brief f 
closes his eyes. Often the 
negative after-sensation, 


are reversed. 
Typically, the negative after-sensation follows a long stimulation 


With moderate or weak stimuli. Every color appears as its comple- 
ment; red areas in the original stimulus become green in the after- 
sensation, whites become black, only neutral gray does not change. 
In the above example of a positive after-sensation, one would ordi- 
narily find it followed by a negative after-sensation in which the sky 
appears as a black patch and the bars as light. A more usual situation 
for the observation of negative after-sensations is staring steadily, 
Without moving the eyes, at a small patch of color for about 30 sec- 
onds, and then staring at a piece of gray paper (a neutral wall will 
do for a gross demonstration). After a few seconds, the negative after- 
Sensation “ develops,” but it will disappear temporarily if the eyes 
are moved. It is obvious that such after-sensations can interfere with 
color matches and it is for this reason that in experimentation with 
kground is essential. Although we do not 
persistent after-sensations, because we 
1ey nevertheless influence judgments of 


color, A totally acceptable explanation of after-sensations has not 


yet been forthcoming. They seem to be related to the process of re- 
chemical in nature because 


Vision a neutral gray bac 
normally notice even these 
seldom have our eyes still, tl 


covery from stimulation, presumably 
of the relatively long recovery period. 
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The existence of after-sensations is one of the strong arguments 
for not equating wavelength with seen color. What wavelength cor- 
responds to the after-image of a patch of homogeneous light of wave- 
length 505 mur For that particular red image at that particular mo- 
ment there is no externally measurable stimulus, yet the color is 


most insistently there. Again, the most saturated colors ever seen 
are those in which an after 


PPN p terpiro 


FIG. 14.2. Simultaneous contrast. The 
three small squares are the same bright- 
ness and w cut from a single sheet 
of gray paper. They appear different 
because of the surround. 


-sensation is projected upon a background 


that is the complement of the 
original stimulus; e.g., the aft- 
er-image of a red patch pro- 
jected upon a piece of green 
paper, the exact complement 
of that red. The colors ob- 
tained in this way are far more 
saturated than any homogene- 
Ous spectral light, although 
they cannot be directly related 
to an external stimulus. g 

Simultaneous Contrast. Si- 
multaneous contrast, often just 
called contrast, refers to an 
ever-present effect in any pat- 
terned visual field — each area 
of color affects the 


around it. The effect is such 
that it te 


region 


nds to increase the vis- 
ibility of the pattern. Some- 
times the effect js summed up 
in a kind of law, Every color 
tends to induce its comple- 
ment in its Surround, Simulta- 
neous contrast is thus related 
to negative after-sensations 
(which are sometimes called 
successive contrast) because it 


shows the same phenomena in 


a spatial Pattern that a nega- 
tive after-sensation shows in a 
temporal pattern. Reference to 
Figure 13.5 wil] give the basic 
pairs of complements from 
which one can predict what 
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any induced color (the color induced in the surround by the test 
patch) will look like. Note that black and white are also a part of this 
phenomenon. For black, this contrast effect is essential, for the seeing 
of black depends entirely upon it. Black is a contrast color; that is, 
one never sees black unless it is induced by a white (or very light) 
surround. The complete absence of light, as would obtain in a light- 


Contrast Vivid Green Red Shadow 
e cer — — Light only, 
only, Red interrupted) Yi if 7 7, White interrupted) 
\ ey 
AN N \ Df / | Screen, Slightly 
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FIG. 14.3. Situation for the production of “colored shadows” by simulta- 
neous contrast (called the Hering window). 


Proof room with the eyes dark-adapted (to permit dissipation of suc- 
Cessive contrast or after-sensations of light) , does not give black psy- 
chologically; it gives a rather dark gray. The startling, crisp, velvet 
black which is the standard black is obtained only by surrounding a 
tube lined with black velvet by a highly reflecting paper which has 
Very high illumination falling on it. The intensity of the black is di- 
rectly related to the whiteness of the white, i.e. it is induced by the 
White, and is its complement. : 

Figure 14.2 shows this effect, though not as strongly as it can be 
Shown with the great differences in illumination possible in the 
laboratory. Colored shadows are the result of contrast and under 
experimental conditions the induced color is unbelievably saturated. 
It is possible that there is an inhibitory process in the retina which 
influences saturation. Figure 14-3 shows the situation necessary for 
the production of colored shadows. It sometimes occurs outside the 
laboratory — for example, utilizing reflected green light from grass 
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as one source and sky light as the other, with the production of light 
pink shadows. 


Whether one is aware of the contrast effect or not, it enters into 
the perception of colors; a blue is made more saturated by the pains 
imity of a yellow patch, a complexion is made more ruddy by veni 
ing a green sweater. Since both chromatic and achromatic colors 
enter into contrast effects, these 


5 1 1 
are often discussed separately unde 
chromatic contr: 


i ji a principles 
ast and brightness contrast, although the princip! 


ider nite ‘om- 
can be understood by merely considering black and white as cor 


Retina 
Visual we 
angle 


A B 
FIG. 14.4. 
the two lines dr. 


object. It is measured as any angle is measured, 


3 > es a i 1 spween 
Diagram showing visual angle. Visual angle is the angle betwe 


awn from the center of the lens to the top and bottom of an 
in degrees, minutes, and sec 
rther away, subtends the same 
and distance are interchangeable. 


onds. Note that the larger object, A 


» Which is fi 
visual angle as object B — size 


— 8 ** 1 1- 
plements. However, brightness contrast has a place of special Mm 
portance in the topic of Visibility. W 


e shall refer to it in greate 
detail when we 


discuss visual acuity. It has been found that for 
legibility of signs, for example, maximum brightness contrast is 
desirable; one would not use light green lettering on a soft gray 
ground for highway signs. But a certain amount of chromatic con- 


trast also helps, if it does not reduce brightness contrast too much. 
The best visibility in signs thus turns e 


ut to be yellow on black, 
combining high brightness contrast with some chromatic contrast. 
Visual Acuity. Visual acuity 


is an important aspect of the per- 
ception of pattern in visual space, for it sets limits to the 


perceptible pattern. It may be defined as the sm 
which is discriminable Usually, 
angle of the smallest vis 


fineness ol 
allest Spatial pattern 
it is defined in terms of the visual 
ble object, which takes account of both the 
size of the object and its distance. It is the angle made 


lines drawn from the lens of the eye to the 
an object (cl. Fig. 


by two straight 
top and to the bottom of 


14-4). There are very many factors which in- 
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, and the psychophysiological theory of visual 
e manner 


fluence this threshold 
acuity throws some light on perception in general and th 
in which the nervous system must work in visual discrimin 

There are a number of ways of measuring visual acuity and they 
do not give exactly the same results because of the large number of 
factors which influence the threshold. The most familiar measure 
sed by doctors in testing the eyes for glasses. 
andard distance and the visual 


ation. 


1s the Snellen chart u 
Letters of various sizes are used at a st 
anele subtended by each 

varies as it would if letters of 1 
identical sizes were moved 
closer or farther away. If one 
can just see at 20 feet what 


o 


the average person with 
good vision can see at 20 
feet, then he has 20/20 vi- 
sion, Many people have bet- 
ter vision than this, being 


Log Visual Angle (Min.) 
1 
4 


able to see at 20 feet what -2 

others see at 15 feet (20/15 Z5 -4-3 52-1 0 1 2 3 
vision); and many have Log I (Millilamberts) 

Poorer vision, being able to FIG. 14 The relationship between the 


55 
See at 20 feet what Others brightness of the background and the vis- 
8 subtended by a just visible wire. 


ual ang 


can see rect (20/40 vi- ; 

10 8 au 40 feet (2 1 i As the brightness of the background is in- 
i n). The visual angle su aS creased, the threshold visual angle de- 
ended by the width of creases, or the visual acuity increases. 


Stroke of the letters at the (After Hecht and Mintz.*) 


ninute 

y is 1.0 at this poir 
al acuity for dis 
| work. It is also interesting that visual 
as it is for distant objects. This 
here there is continuous close 


20/20 point is one n 
Of arc, i.e., visual acuit 
good rough index of visu 
adequate for experimenta 
for near objects 
al jobs w 
tive employees for visual acuity 


vith the Snellen chart or other 


nt. The Snellen chart is a 
tant objects, but it is not 


acuity is not the same 
1s important in some industri 
Work. For such jobs, testing of prospec 
must be done at close distances, NOt Y 
tests of distant acuity. 
Among the many tes 


Visual acuity for scientific purposes : 
and a very fine wire. With both of these, thresholds in terms of dis- 


tance from the eye may be obtained under a variety of conditions. 
With the Landolt C, one obtains a threshold for the minimum sepa- 
rable, or the visual angle subtended by the break in the circle. Ordi- 


ave been used in measuring 


t objects which h 
ndolt’s broken ring (or C) 


are La 
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narily this turns out to be about one minute of arc, but under special 
conditions and with very high brightness, a figure as low as 24 sec- 
onds has been obtained.? The fine wire technique, in which a single 
fine wire is seen against a bright ground, yields much lower thresh- 
olds; one-half second is not uncommonly found.* The threshold 
here is related to the length of the wire; for very short wires (a dot, 
as the extreme example) the thresholds are much higher, of the 
order of 30 seconds, thus showing the importance of spatial summa- 
tion in acuity. 

Among the factors which influence visual acuity, one of the most 
obvious is the level of illumination. Visual acuity improves rapidly as 


FIG, 14.6. Threshold 
showing the amount of 
contrast necessary (108 
liminal contrast) to be 
just perceptible at dif- 
ferent levels of field 
brightness (log adapt 
tion brightness) for five 
“5 4 -3 -2 -1 0 1 2  @ stimulus areas, (Alter 
Log Adaptation Brightness (Footlamberts) Blackwell.) 


Log Liminal Contrast 
o 


=p 8 
the level of the illumination is increased. Figure 14.5 shows the de- 
crease in visual angle subtended by a fine wire at threshold as the 
illumination increases. The break in the curve represents the shift 
from rod to cone vision. In making measurements of this sort, the 
subject must be adapted to the level of illumination before each test. 
Quality of illumination is also important. White light and monochro- 
matic light from the middle of the visible spectrum give the best 
acuity; light from the extremes of the spectrum results in lower 
acuity. 

Contrast is as important for the measureme 
it is in the design of highway signs. An extensiv 
of field brightness to contrast has shown ar 
amount of contrast necessary for Visibility as the field brigl s in- 
885 4 ROS ; 8 rightness 
creases. Conversely, an increase in contrast is necessary as the bright- 

ý Ss Ə 
ness is decreased. Figure 14.6 shows these results. It makes very little 
difference, i st cases, whether tł i - à z 

ce, in most w the stimulus js dark on a light 
ground or light on a dark ground. 

The importance of contr: 


nt of visual acuity a$ 
€ study of the relation 
egular decline in the 


ast in visibility is Put to good use in the 
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art of camouflage. Here objects are made to blend with their sur- 
roundings by reducing contrast to a minimum (both brightness and 
chromatic contrast in this case), and the contours which give objects 
their recognizable shapes are destroyed by putting in “ false ” con- 
trast in the wrong places and eliminating it where it normally oc- 
curs. Another place in the modern world where these facts are of 
Significance is in observation of radar screens. It has been shown that 
the lowest contrast thresholds and the shortest detection times oc- 
cur when the illumination of the test field and of the surrounding, 
or adapting, illumination are nearly equal.“ Under these circum- 
Stances the signal (the information-giving pip on the screen) can 


FIG. 14.7. The rela- 1.0 
tion of threshold visual 


a 
angle to intensity of S 0.5 
slit for each of seven > 
durations. As the inten- = 
Sity of the slit increases, = g 
the threshold visual 2 
angle decreases (the vis- 2 05 
a 


ual acuity increases). 
The longer the expo- -1.0 -2.0 -1.5 -1.0 -0.5 0 05 10 15 
dure sime the les the Log Intensity (Millilamberts) 

Mtensity necessary for 
a given threshold visual 


angle. (After Niven and Brown.) 


ne principle operates in viewing tele- 


be seen most readily. The sat 
ith moderate room illumination, not 


Vision, where one sees best W 
In the dark. 

Duration of stimulation is another v: 
the threshold visual ang! 
ation of the stimulus decreases. The shorter the 
stimulus must be to be visible, 


ariable in visual acuity. Figure 
14.7 shows how le at any given intensity 
increases as the dur 
time of stimulation, the larger the 


if intensity is held constant. eas 
Size, as a factor in visual acuity, 1 well shown in Figure 14.6. At 


every adaptation brightness, the smaller test objects require greater 
contrast in order to be just visible. Further, the necessary contrast 
increases more rapidly for the small test objects than for the large 
as the adaptation brightness decreases — the difference between the 
d . 

large and the small test objects becomes greater as the brightness 
decreases, 

Finally, acuity depends upon the region of the retina upon which 
the image falls. For photopic vision, maximum acuity occurs when 
the test object is fixated, when the image falls upon the fovea, for 


216 Vision: continued 


there the cones are slender and tightly packed. Acuity falls off rapidly 
toward the periphery, as one could predict from the structure of 
the retina. For scotopic vision, acuity will be zero at the fovea be- 
cause there are no rods. Scotopic acuity has been found to be greatest 
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FIG. 14.8. Variation in visual acuity 
the retina. At o degrees (the fovea) , 
tions, but at lower illuminations, 
However, the greatest over-all acuit 
fixation. (After Mandelbaum and 


with illumination for five regions of 
acuity is best at the | 


ligher illumina- 
acuity is best a 


4 degrees from the fovea. 
y occurs with high illumination and central 
Rowland.) 
at about 4° from the point of fix 
image moves peripherally. The reason for this is that the rods are 
gathered into larger groups as one goes peripherally, more rods con- 
nect with a single ganglion cell (and intermediate bipolar cell) , thus 
decreasing the discriminative power of the retin 
these effects clearly.? 
There are a number of Physiologic 
determination of the limits of 


ation and to decrease rapidly as the 


a. Figure 14.8 shows 


al factors w 


hich enter into the 
acuity in the hum 


an eye. In the first 
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place, diffraction or scattering of light occurs at the edges of the 
pupil. This affects acuity most when the pupil is of small diameter, 
which is in intense light. Scattering of light also occurs to a signifi- 
cant degree in the material inside the eyeball and this reduces the 
sharpness of the image because it blurs the contours and reduces the 
difference in intensity between the image and the surround. This 
the basis for the discrimination of 
object-no object, upon which the threshold for visual acuity depends. 
Furthermore, aberration is important in the lens of the eye, just 
a or telescope lens. One form of aberration, called 
astigmatism, for example, must be corrected by glasses if an indi- 
vidual is to see clearly. Also of some importance is physiological nys- 
and drifts and jerks which the eyes 
make even when there is an attempt to maintain perfect fixation. 
The total extent of movements over a time period of 3 to 4 seconds 
is usually somewhat less than 10 minutes of arc, but may be much 
higher, However, perception can occur much more rapidly than this, 
so that smaller excursions, the 30 to 70 per second oscillations which 
ite of arc, are more influential in setting the 
limits of acuity. It has been calculated that the image can remain on 
a few hundredths of a second. Another factor 
nic — the size of the anatomical 
underlie discrimination. Just as 
nlargement possible from a 


intensity difference is probably 
as it is in a camer 


tagmus, involuntary tremors 


cover less than a minu 


a single receptor but 
Is the grain! of the retinal mos 
and physiological elements which 

the limitation upon the size of clear ¢ 
Photographic film is dependent upon the grain of the film, so the 
grain of the retina determines visual acuity. The finest grain occurs 
in the central part of the fovea where the cones are most slender and 
Most thickly packed, and a 
, and its ganglion ce 


Iso where the physiological unit is a single 
cone, its bipolar cell Il, with no sharing of the 


latter, 
These factors all have a place 


acuity, but they do not explain it fully. centra 
Part, are 50 times as wide as the image cast by the finest discrimi- 


nable object. The extremes of visual acuity thus, obviously, cannot 
be explained entirely by the fineness of the retina, although it is one 
ables. Acuity depends upon slight dif- 
e very diffuse image which even a fine 
is possible that the sharpening of 
ter of a single cone is dependent 
physiological nystagmus. 


in the over-all consideration of visual 
Foveal cones, in the central 


of the most significant vari 
ferences in intensity within th 
line throws upon the retina. It 
acuity below the limit ol the diame 


upon the rapid oscillatory movements ol 
Because of these, temporal summation ol brightnesses is possible and, 
since the cones are not arranged in regular rows, the cones will re- 
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ceive a varying amount of illumination over an interval of ame — 
spatial summation can occur both in the retina itself ana in nia 
projection fibers. We have seen that a long line is more — * 
than a very short one. This is partly due to the greater en 5 
for spatial summation within the retina because of the —— 
of several cones upon a single ganglion cell. It may also be accounte! 
for in part by a more complicated system of amplification and 98 
pression at higher levels in the visual system, made possible by = 
increase in number of fibers at the level of the lateral geniculate 
bodies in the thalamus and by the increase in the interrelationships 
possible. Such an arrangement would operate to smooth the bound- 
aries of excitation and to produce a sharper contour. This, together 
with the temporal summation permitted by virtue of the physiologi- 
cal nystagmus, permits us to see a sharp line where the retinal image 
is a diffuse band. The sharp contour is generated by the central per- 
ceptual processes from peripheral sense data, and the angle subtended 
by the object can be smaller than the diameter of a cone because of 
integration over time and space. 

Temporal Patterning. Temporal Sequences in vision have been 
investigated extensively and throw some light upon the basic mecha- 
nisms of vision. Among the most thoroughly studied of these 18 
flicker and related phenomena. Flicker occurs when there is a re à 
tively slow alternation of stimulation, usually light versus dark. This 
may be obtained by viewing an interrupted white light through a 
ground glass screen. If such a light is interrupted at gradually in- 
creasing speed, one sees the alternation of light and dark become 
more rapid until a single flickering light is seen and, finally, fusion 
is attained where a single homogeneous light appears. The point at 
which fusion occurs is called the critical flicker frequency (some- 
times called the critical fusion frequency) , and is often abbreviated 
c. f. f. The critical flicker frequency is extremely variable and is sen- 
sitive to a number of conditions, both within and without the organ- 
ism. It is sometimes used as an index of physiological changes, as those 
resulting from oxygen deprivation in high altitude studies, or from 
loss of sleep. The method can be used with animals 
in studying the time characteristic of the 
tension, of synapses in general. 

Critical flicker frequency v intensity of the stimulation 
as reference to Figur i e increase is almost linear 
except ſor the break in the curve re 


ss ; se p 80 ) 
f presenting the shift from rod t 
cone vision. Fusion occurs at only 4 flashes per se 
low end of the intensity scale 


and is important 
visual system and, by ex 


cond at the — 
and rises to almost 60 flashes per secon¢ 
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at the highest intensities. This is in line with the finding that visual 
acuity (spatial patterning) increases with increasing intensities; tem- 
poral discrimination increases under the same conditions. The re- 
gion of the retina which is stimulated has an influence upon the 
CLE, also. It is higher in the fovea than in the periphery, again show- 
ing the same sort of effect as that obtained for visual acuity. One of 
the important factors here is spatial summation in the retina due to 
the convergence of many recep- 
tor cells upon a single ganglion 
cell. This makes for poor spa- 
tial discrimination as well as 
low fusion frequency. 

Another aspect of temporal 
patterning in visual perception 
which has baffled generations of 
psychophysiologists is referred = 
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to as subjective colors. Here a 


disc, composed of a white 
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FIG. 14.9. Variation in critical flicker 
Note break 


frequency with intensity. 
in curve representing shift from rod to 
cone vision. With high intensities, the 
.I. reaches almost 60. (After Bart- 
00 

al) one sees, not black lines on white, 
Distinct hues appear in various parts 
yws one such disc. No acceptable ex- 
v color can be achieved by the alter- 
s. If an explanation could be found 
lock some of the secrets of color 
f qualities within a single 


ground with groups of narrow 
lines in deep black drawn upon 
it, is rotated rather slowly and 
at the proper speed (depending 
upon the particular pattern of 
disc used and upon the individu 


Not gray lines, but colored lines. 
14.10 she 


ley 


of the pattern. Figure 
planation has appeared as to hos 
nation of black and white pattern 
it might un 


for this phenomenon, 
ral differentiation o 


Vision and of the gene 
sense, 

‘Temporal patterning becomes 
lectrophys 
rve, or visua 
the analysis of these 
potentials at several 


the prime object of analysis when 
iological recording of action poten- 
cortex. Recently much re- 
records. Figures 


attention is turned to e 
tials from retina, optic ne 
search has had as its objective j 
14.11 through 13 show the appearance of the 5 
levels within the visual system-“ Note that the simplest response oc- 
curs in the retina; the optic nerve response 1s more complex and 
More difficult to analyze; and the cortic 
semblance to that of the retina. Cortical events are, as one would 
But even retinal events are not simple. 
ibers in the retina which re- 


al response bears little re- 


Predict, more complicated. 
There are several different kinds of { 
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spond differently to various temporal patterns of light. Figure 14.1 1B 
shows one of the more numerous kinds — an on-off fiber, that is. 
a fiber which gives a response both when light comes on and when 


\ FIG. 14.10. One of the 


discs used to produce 
subjective colors. Red 
appears in the inner 
ring, blue in the outer, 
and yellows and greens 
in the intermediate ones 
when the disc is rotated 
in a clockwise direction. 


it goes off. In this example, the o 
onset of the stimulation and a 
Other sorts of fibers are pur 


ptic nerve shows a response at the 
gain at the termination of stimulation. 
e “on” fibers, and pure “off” fibers. 


— — — i 


0.1 sec. 


a 
A 
FIG. 14-11. Response of eve and optic nerve of rabbit to white light. Note 
“off” effect in B. (After Adrian) 
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These are fixed characteristics, apparently, of some retinal unit, per- 
haps the ganglion cells. Variable characteristics of retinal action 
potentials are the latency, frequency, and duration of the burst of 
impulses. Although the relationships between these and light inten- 


sity vary with the type of fiber under discussion, in general, higher 


— . ˙¹1 


Optic J i 


Nerve 


Cinw. 0.1 sec 


Stim. 
FIG. 14.12. Response of eye 
flashes of white light. (After Adrian.?°) 


and optic nerve of rabbit to repeated 


intensities give a shorter latent period, greater frequency of impulses, 


and a greater number of impulses. 
a comparison of the electrical (A) and psycho- 


physical (B) data, such as occurs in Figure 1 t14 It is important to 
know whether these essentially neurophy ological data that we have 
discussed do actually bear upon psychophysiological problems. Is this 
approach fruitful? This figure tells us that it is. There is close cor- 
respondence between the threshold data gathered by two very dif- 
ferent methods: (1) by recording of the electrical response of the 
human retina and (2) by the psychophysical measurement of thresh- 


old visual intensities at various wavelengths. 


Ar- = 


Of great interest is 


[1 mv. 
— 
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FIG. 14.13. Response of cortex and eye to light of different composition. 


(After Adrian. % 
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Color Deficiencies. There are many color deficiencies, ranging 
from total color blindness, the inability to see hue of any sort, to a 
barely detectable deviation from normal color vision. Usually, color 
vision is described in three categories (see Table 14-1): trichroma- 
tism, normal or nearly normal color vision; dichromatism, red-green 
blindness or blue-yellow blindness; and monochromatism, or com- 
plete hue blindness. There are various subdivisions under each ol 
these. The trichromatic group represents only variations in either 
the visibility curve or in the relative 
intensities of the primaries required 
for matching: all require at least 
three stimuli for matching all col- 
ors. In dichromatism, only two pri- 
maries are required. The two forms 
of dichromatism ordinarily met 
with are protanopia and deuterano- 
pia, both forms of red-green blind- 


Log Relative Energy 


ness. In protanopia, the red end ol 
the spectrum is shortened (as in the 
450 500 550 600 650 SCOtopic visibility curve) and greens 
Wavelength (mp) appear as grays. In deuteranopia, 
FIG. 14.14. Comparison of the the visibility curve is normal, esi 
threshold for electrical (A) and in extent and peak, but reds and 
threshold for psychophysical (B) greens are confused with grays, yel- 
data for intensity for light of vari- lowish or bluish as the case may þe. 
ane eie Win za In each of these cases, there is a sin- 
gle neutral point (pure gray) 

pectrum into two parts of different hue. These two 
their counterparts in red-green weakness account for 
most of the known color deficiencies, The two forms of yellow-bluc 
blindness seem to be very rare, though large and unselected group» 


of subjects have never been systematically tested with a thorough and 
reliable test. 


which divides the s 
forms, with 


These color deficiencies, largely inherited, are sex-linked charac- 
teristics and are found in abou 


it 8 percent of males, but only in 0.4 
percent of females. Total congenital color blindness, which is rare, 


does not show these marked sex differences. It is pure rod vision, with 
foveal blindness, and the inability to see in very bright light. It is 
possible to acquire color deficiencies of certain types, and even total 
hue blindness, as a result of accident or disease, but it is not common. 

Color vision is tested routinely in certain Situations: in the armed 
forces, for railroad or ship operations jobs, for pilots, and, in general, 
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Table 14-1. Classification of Types of Color Vision 
[After Judd (12)] 


Peak (mp) of Neutral 
Visibility Points 


Type Discriminations Curve (mp) Name 
Trichromatism light-dark 
Y-B 555 None Normal 
R-G 
L-D 
Y-B 540 None Protanomaly 
R-G-weak 
L-D 
Y-B 560 None  Deuteranomaly 
R-G-weak 
L-D 
Y-B-weak 560 None Tritanomaly 
R-G 
Dichromatism A 540 493 Protanopia 
ie 560 497 Deuteranopia 
ee 560 572 Tritanopia 
L-D g 470 pag f 
RG 560 560 Tetartanopia 
Monochromatism L- D 510 All Congenital 
Total 
Color Blindness 
L-D 560 All Acquired 
Total Color 
Blindness 
L-D 540 All 


at one be able to identify colored signals 


Without error or hesitation. It is important also for chemists (in quali- 
lative analysis) , for biologists, for geologists, for textile and paint and 

, g § i 8 ; ; 
food workers, and in many other occupations. The tests normally 
ire no special and compli- 


used are ones which are simple to use, require : 
cated situation, and are quick. These are the so-called pseudo-isochro- 
matic charts, of which the best in widespread use in this country 1s 
the Ishihara test. The principle upon which these are based is the 


Wherever it is important th 
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confusion of hues. The charts contain small dots of slightly different 
hues and brightnesses. The normal individual sees a number which 
stands out because of a difference in hue from the background. The 
color-deficient individual, not seeing the hue pattern, depends upon 
brightness differences, which are arranged to make a different set 
ber, which he reports. These tests are extremely useful for the pur- 
poses for which they were designed, but they are not ideal for the 
scientific investigation of color vision. Until more analytical eus 
are done on large and random groups of people, the data regarding 
color deficiencies will probably not throw a great deal of light upon 
the nature of color vision. At one time there was great hope that the 
data of color deficiency would enable one to decide conclusively 
among the theories of color vision. This hope has not been realized. 

It is of some interest to know that color vision is not universal in 
the animal kingdom. It appears sporadically. Fish have color vision, 
birds and bees do also, but most mammals do not. Dogs and cats are 
totally color blind, though they often fool one by use of brightness 
differences. A bull, likewise, is not interested in a red flag — a white 
one does even better in attracting his attention. But primates, the 
order to which man belongs, have color vision. Monkeys, chimpan- 
zees, and all the rest of us see hue. The chimpanzee has trichromatic 


vision almost identical with ours and his visual system is anatomically 
very similar to that of man. 


Theories of Color Vision. During the past 
number of theories of color vision h 
is adequate to cover all the known o 
can be considered as belonging 


150 years, a large 
ave been proposed, none of which 
T supposed facts. Current theories 
to three major groups, depending 
upon the kind of data which are considered of primary importance. 

Theories which place first emphasis upon the data obtained from 
stimulus mixture are often called trichromatic theories. They postu- 
late three kinds of cones, called R (red), G (green), and B (bluc) 
cones, and derive both hue and brightness from the stimulation of 
the three in various proportions. Fach cone type is said to have a 
broad spectral reponse curve but each has a different peak, so that 
any narrow band of wavelengths would stimulate all three kinds, but 


one most strongly. When all three are stimulated equally, the result- 
ing sensation is white (achromatic). These theories stem directly 
from the Youne-Helmholtz theory. The major difficulties are in the 
explanation of the usual types of dichromatism 


and in the unfortu- 
nate truth that one really 


cannot match all colors by the mixture of 


only three primaries without the subterf 


8 uge of a negative amount of 
one of them at some points, 
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Theories which place prime emphasis upon the psychological data 
derived from experiments upon after-images, contrast, and the way 
colors appear to the observer (uniqueness of yellow, for example) are 
often referred to as four-color theories (although they are really six- 
color theories) . They asume one receptor or one mode of response 
for each of the six primary colors: R, G, B, Y, Blk., and W; but these 
receptors or functions are paired so that R and G are opposite in 
effect and recovery from R stimulation will give the G of the nega- 
tive after-image. One additional unique feature of such theories is 
that the achromatic scale is not derived from the same responses as 
the hue functions. Difficulties arise when one attempts to translate 
these conceptions into neurophysiology and to specify how these pair- 
Ings can possibly operate. Here, also, difficulties are encountered with 
color deficiencies, since not enough latitude is permitted to cover all 


the known variations. 

The third category of theory 
physiological evidence of electrica 
These theories postulate a dominator system which accounts for the 
achromatic series and a number of modulator systems (at least six 
or seven) , responding to somewhat different distributions of wave- 
leneths, which cover the visible spectrum. These modulators are 
grouped into three main spectral regions, which correspond to some 
extent with the R, G, and B regions of the trichromatic theory. Ex- 
tensions of the theory enable one to account for the major classes of 
color deficiencies. Problems of contrast (simultaneous and succes- 
Sive) are wisely pul aside because of the fact that not enough is yet 
known about the neurophysiology of inhibition or of the various 
categories of visual units such as “ off-systems.” Hue discrimination 


and some of the difficulties of predicting the results of stimulus mix- 


ture are well taken care of. 
None of these theories can be 


the facts, but they are useful in summ 
facts. The character of the information available is beginning to 


change now that attack is possible upon the elements of the visual 
System. It is probable that the color theories of the future will not 
only show great changes from those that have held the field for so 
long, but also that they will become much more precise in their de- 
scription of the nature of the events which are to account for the 
great complexity in both patterning and qualities which occurs in 


Vision, 


is derived from the recent neuro- 
recording from the visual system. 


said to be complete or to explain all 
arizing a number of diverse 
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15 ‘Secreting Cells and 
Chemical Integration 


The Differentiation of Secreting Cells. One of the basic func- 
tions of protoplasm is secretion. These secretory activities of single 
cells may be thought of as fundamental chemical controls of life 
processes. It probably is true that most cells of multicellular animals 
have some secretory functions; that is, some cellular products liber- 
ated by them have effects upon other cells, tissues, or organs in the 
body, But, in the organs which we call secreting glands, these chemi- 
Ils have become highly specialized. Each of these 
glands is composed of one or more groups of cells which produce 
and secrete their own kind of chemical substance or substances. Some 
of these substances, such as saliva or sweat, are secreted through ducts 
into a cavity of the body or to its surface. Others which are called 
the blood stream, are carried by the blood to all 
and have some effect on other parts. It is these 
ess or endocrine glands in which we shall 
y are very important in an understanding 


cal activities of ce 


hormones pass into 
parts of the body, 
hormones from the ductl 
be most interested, for the 
of behavior. 

There are three criteria f 
crine gland: (1) A group of 
secreted chemical substance 
(3) which has an effect on anot 


or classifying a given structure as an endo- 
cells specialized for secretion, (2) whose 
is carried in the blood stream, and 
her part of the body. Duct glands, 


such as the tear or sweat glands or the outer pancreas, satisfy the 
first and third of these criteria only. We shall study the functions and 
effects of each of the hormones separately, but it must be kept in 
mind that their effects usually do not occur separately in the organ- 
ism. The effect of one usually involves the functioning of others. We 
have, then, in the endocrine system, another means of integrating the 


behavior of organisms — a chemical integration. Although this chem- 
d by the endocrine glands them- 


the nervous system. 

Topographical views of the en- 

are quite common in text- 
227 


ical integration is largely mediate 
selves, we shall see that it is aided by 
The Endocrine System in Man. 


docrine glands in position in the body 
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books. Some such views include the pineal gland within the cerebrum 
and the thymus gland within the thorax or chest cavity. Although it 
has been thought by some that these two organs represent true en- 
docrine glands, we shall not include them, Contemporary investiga- 
tions have afforded no clear evidence that these two bodies have en- 
docrine functions, 

Figure 15.1 will provide a quick view of the nine best known en- 
docrine glands in man, but it should be pointed out that this is not 
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Pituitary 
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Pituitary 
Parathyroid 


(two pairs: 
TiM ; FIG: 18.1. The re 


ative positions of the 

nine major endocrine 

glands in man (with 

the pituitary regard- 

ed as two differ- 

Adrenal Cortex ent gandi. 0 
(pair) named at the righ 
are mainly under 
chemical control: 

those at the left are 

Gonads mainly under nerv- 
ous control; and the 

islet cells of the pan- 

Testis (pair) creas are controlled 


Ovary (pair) 


Pancreas 
(Islet cells) 


OO 


by both means. 
a complete picture. For example, the w 


i alls of the intestines con- 
tain four kinds of endocrine cells that 


: are brought into action by 
foods; the placenta in pregnant women is known to h 


endocrine functions; some authors speak of a third 
tary gland; and others believe that the liver possesse 
tions. However, some understanding of the m 


ave very active 
Part of the pitul- 
s endocrine func- 


i ý ; J ajor functions of the 
nine glands shown in Figure 15.1 will be sufficient f 


purposes. 

In the following discussion we shall speak of eac} 
the singular, whether one, a pair, or more is invo 
figure that the anterior and posterior Pituitary a 
two separate glands. There are several reasons for t 
ment. (1) They are different anatomically; (2) th 
has no known nervous control while the poste 
direct control of nerve fibers from the hypotl 
anterior portion controls many other endocrin 


Or our present 


kind of gland in 
ved. Note in the 
re represented as 
his Separate treat- 
anterior portion 
tior portion is under 
nalamus; and (3) the 
e€ glands and, in turn, 
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is affected by them. The anterior pituitary, therefore, is sometimes 
referred to as the “ master ” gland of the endocrine system, so per- 
haps you should know its other name, the adenohypophysis. The 
Posterior pituitary also is referred to as the neurohypophysis because 
of its intimate relationship with the nervous system; and the whole 
pituitary organ may be called the hypophysis. Note also that one 
other gland, the adrenal medulla, is largely under nervous control; 
and that the inner portion (islet cells) of the pancreas is activated by 
both chemical and neural stimulation. The thyroid has a nerve sup- 
Ply to its blood vessels, but nervous stimulation is not a major factor 
in its function. Instead, the thyroid, the adrenal cortex, and the ovary 
and testis (gonads) are stimulated to secretion by the hormones of 
the anterior pituitary. Let us now consider the functions of each of 
the hormones secreted by these nine glands and try to gain some ap- 
preciation of their role in the chemical integration of human be- 


havior. 
Mayor FUNCTIONS OF THE HorMONES 


The major functions of the principal hormones of the nine endo- 


crine glands mentioned in the preceding section are shown in Table 
15-1. The table is necessarily incomplete and is to be considered only 


as a tool for facilitating an over-all view or review of the material 


contained in this chapter. 3 
Thyroxin: Thyroid Gland. The thyroid gland, which lies on 
either side of the larynx in the neck in two attached lobes, is some- 
times called the “ pacemaker j of the body. This designation is quite 
appropriate, for the amount of its hormone, thyroxin, controls in 
large measure the rate at which our life processes function; that is, it 
controls the rate of metabolism. Any measure of metabolic rate then 
could be construed as reflecting indirectly the rate of thyroid secre- 
tion. The single test most frequently used for this purpose, a measure 
of the rate of oxygen consumption under fasting and resting condi- 
tions, is known as the basal metabolism test. 7 
With large amounts of thyroxin, the rate of metabolism is in- 
creased, more oxygen is consumed because we are “ burning fuel 
More rapidly, and many activities of the body are speeded up. The 
blood pressure and heart rate are increased, the body produces more 
heat, and we become more active muscularly, show more enthusiasm 
more energy: but we experience diffi- 
Since food-stufls are consumed so 
and we may even lose weight, as 
tivity also is somewhat speeded but 


and drive, and seem to have 
culty in relaxing and in sleeping. 
rapidly, we do not gain weight; 
stored fats are utilized. Mental ac 
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Table 15-1. Principal Hormones and Their Major Functions 


Gland 


Hormone 


Major Functions 


Anterior pituitary 


Thyrotrophic (TTH) 

Adrenocorticotrophic 
(ACTH) 

Lactogenic (prolactin) 


Luteinizing (LH) 
Follicle-stimulating 
(FSH) 


Growth (STH) 


Stimulates thyroid secretion 
Stimulates secretion of some 
hormones of adrenal cortex 
Stimulates milk secretion by 
mammary glands 
Development of interstitial 
cells of testis and ovary; 
and corpus luteum 
Development of spermato- 
genic tissue in male and 
follicle in female 
Stimulates growth 


Excites nonstriated muscles 
especially of uterus; excites 
mammary glands 

Produces rise in blood pres- 


Prevents loss of water through 
kidney 


Influences metabolic rate 


Posterior pituitary Oxytocin 
Vasopressin 
A ‘ sure 
Antidiuretic 
Thyroid Thyroxin 
Parathyroid Parathormone 


Maintains calcium and phos- 
Phorous balance in blood 


Islet cells 


Insulin 


Adrenal cortex 


Cortical Steroids 


Necessary for utilization of 
blood sugar 


Increased carbohydrate me- 
tabolism, sodium reten- 
tion and Potassium loss; 
some androgenic and estro- 
genic effects 


Adrenal medulla 


Epinephrine 
Nor-epinephrine 


Increased Sugar output by 
liver, Stimulate most SNS 


end-organg (differentially) 
Ovary Estrogen Produces female primary and 
sccondary sex character- 
istics 

Progesterone Prepares uterus for implanta- 

tion of embryo 
Testis Androgen Sexual 270 
st usal; pr TE 

(Testosterone) al; produces p 


mary and Secondary sex 
characteristics 
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A ved and, as the amount of thyroxin is increased, 
it soon becomes sporadic (possibly due to muscular restlessness) and 
sustained mental work becomes difficult or impossible. Extreme emo- 
tional behavior is typical. This pattern of behavior, known as hyper- 
thyroidism, is a fairly common disorder. It may be controlled by re- 
moving some of the gland or by administering a thyroid-inhibiting 
drug. 

Many people are in need of additional thyroxin, however, and 
some of the properties of the hormone can best be understood from 
a description of some of the symptoms of severe hypothyroidism, of 
ast two classes: cretinism, in which there is 
deficient thyroid function at birth or during the early years of life; 
and myxedema, in which the deficiency occurs in adults. Now that 
thyroxin is available commercially, cretinism is rapidly disappearing. 
Without supplementary thyroxin, however, the cretinous child fails 
to develop ina normal manner physically or mentally. If he lives, he 
retains a dwarfed stature and a severe mental deficiency, since thy- 


Toxin is necessary for normal calcification of bones and normal men- 


nedication cannot help him. 
occurs in a person who has en- 


Not necessarily impro 


which there are at le 


tal development. Later n 
Myxedema, however, 
joyed more or less norma 


sometimes 
| thyroid function and it easily may be 
eliminated by additional thyroxin. Its major symptoms are the op- 
posite of those described for hyperthyroidism. Such a person usually 
ally and physically, unemotional, lacking in 
ight. Moreover, his skin and hair be- 
air becomes brittle and breaks easily, 
ss. It is apparent that the effects of 
ead and important both in medi- 


is sleepy, sluggish ment 
enthusiasm, and may gain we 
come excessively dry and the h 
thus producing a kind of baldne 
the thyroid hormone are wide-spr 
cine and in psychology. 


Parathormon: Parathyroid. The major function of the hormone 


of the parathyroid glands, sometimes called parathormone, is the 
regulation of calcium metabolism, although it serves also to regulate 
the metabolism of phosphates. The glands, which usually are four 
in number in man, are quite small and two are imbedded in or at- 
tached to each lobe of the thyroid gland (hence the name. para- 
thyroid”). In the absence of parathormone, calcium quickly be- 
comes depleted from the blood. Since calcium is necessary for normal 
nervous and muscular activity. neuromuscular processes quickly be- 
come abnormal. Muscle twitches (clonus) occur, the muscles become 
Weakened, and ultimately the respiratory muscles fail. The condition 


can be compensated for by the injection of calcium solution into the 
blood, but as soon as the calcium has been utilized the deficiency 
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symptoms reappear. Thus, it is obvious that parathormone is neces- 
sary not only for normal nervous and muscular activity but for life 
itself, Fortunately, dysfunction of this gland is rare. An adequate se- 
cretion of parathorinone seems to be stimulated directly by low levels 
of blood calcium, 

Cortical Steroids: Adrenal Cortex. The adrenal glands are a pair 
of small bodies, each of which is embedded in the top surface 
of the kidney (hence the name, “adrenal ). Each has two inde- 
pendent secreting parts: (1) the center or adrenal medulla, and 
(2) the outer covering or adrenal cortex. A number of separate sub- 
stances are secreted by the cortex which are known as cortical ster- 
oids, but sometimes the total secretion is called cortin. The functions 
of these steroids are very complex and furnish a vital topic of re- 
search today. It is known that they serve to regulate the metabolism 
of sodium chloride and other salts, of Water, and of carbohydrates; 
and that they are necessary if the organism is to be able to withstand 
periods of stress. It is also known that some of the steroids are like 
or similar to the gonadal secretions: and excessive secretion of cortin, 
due to a tumor or some other factor, may cause excessive hair growth 
and other masculine signs in a woman, or may interfere with normal 
adult development in either Sex. Deficiencies over a period of time 
result in emaciation and dehydration of the body, with extreme 
fatigue and weakness, Temporary deficiencies are just beginning to 
be appreciated and are receiving much attention, especially in rela- 
tion to studies of physiological stress. 

Epinephrine: Adrenal medulla. The medulla of each adrenal 
gland is practically surrounded by its respective cortex. It is an un- 
usual endocrine gland in several respects: (1) of all the endocrines 
it is perhaps the least essential to life, yet it repares anism 
to sae 5 (2) it is innervated e 
ous system; and (3) it facilitates the activity of most of the other end- 
organs stimulated by the SNS. Its hormone, epinephrine, (sometimes 
called adrenalin) will largely mimic the effect of SNS stimulation. 

The function of epinephrine will be discussed in Considerable de- 
tail in connection with Chapters 17 and 21. In this chapter, we shall 
emphasize its relation to blood Sugar; but note that it is a powerful 
stimulant for the increase of heart rate and blood Pressure, and for 
the dilation of the passages in the lungs — the bronchia. Thus, a 
commercial preparation of the hormone is a standard emergency 
medicine in every physician’s kit. Its action on the heart in cases of 
shock, and its action on the bronchia in acute asthmatic crises, has 
saved many lives. 
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acts to raise the level of blood sugar by 
stimulating the liver to convert glycogen into glucose and then to 
release it into the blood stream. A low blood sugar level is itself an 
adequate stimulus for this chain of reactions, but the typical route 
of stimulation is via the SNS which quickly responds to emergency 
situations. Regardless of how the stimulation occurs, however, epi- 
nephrine operates to raise the available blood sugar. The action of 
some of the cortical steroids support it in this function. 

It has been demonstrated recently that the adrenal medulla actu- 
ally secretes two slightly different forms of its hormone. The second 
form, known as nor-epinephrine, is regarded as an uncompleted 
epinephrine. It may prove of real importance in physiological psy- 
chology, but further comments about it must await the results of cur- 
rent research. 

Insulin: Islet Cells of Pancreas. 


Epinephrine promptly 


Although the outer portion of 
land, its center portion is composed of groups 
have only endocrine functions. Their hor- 
and commercial production of which 
afflicted with insulin deficiency (dia- 


betes mellitus) to lead normal lives. Insulin makes possible the utiliza- 
tion of blood sugar by the cells of the body. In its absence, sugar can- 
1 by the cells even though the blood-sugar level is high. 
Since the nervous system in particular needs sugar for normal func- 
tion but cannot store it, a decrease in insulin in the blood soon will 
have disastrous results. They are known as diabetic coma and will 
soon lead to death unless insulin is injected. Too much insulin also 
will result in unconsciousness and, ultimately, death; but here the 
what different. A high blood-insulin level results 
in rapid utilization of available blood sugar and, although insulin 
also stimulates the liver to prepare additional stores of glycogen, the 
When the immediate supply is exhausted 
ail and only an addition of glucose 
ss. This is known as insulin shock. It 
ent of schizophrenia and will be dis- 


the pancreas is a duct g 
or islands of cells which 
mone is insulin, the discovery 


has made it possible for persons 


not be used 


Mechanism is some 


process is not immediate. 
the nervous system begins to f 
to the body can arrest the proce 
sometimes is used in the treatm 
cussed later in the text. 


Although the secretion of insu 
it is stimi 
antagonism to epinephrine, seems to 
action of parasympathetic nerv- 
ous system end-organs. More will be said concerning this character- 


istic in Chapter 17. It is enough to know now that hyperinsulinism 
mimics in large part an extensive stimulation of the PNS 2; and to 


lin apparently is stimulated directly 


: 17 1 1 r 7 

bya high blood-sugar leve tated also via cranial nerve X, the 
vagus.’ Furthermore, insulin, in 
have the property of facilitating the 
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Know that insulin, cortin, and epinephrine together demonstrate a 
chemical integration that regulates the supply of carbohydrates upon 
which our every action depends, 

Hormones of the Posterior Pituitary. Although three hormones 
are listed for the neurohypophysis in Table 15-1, there is clear evi- 
dence for only two, oxytocin and vasopressin; and of the two the lat- 
ter seems the more important in day-to-day life.* We have included all 
three in our treatment, however, since many investigators believe 
that some day the antidiuretic hormone will prove to be separate 
from the vaso-pressor hormone. At the moment, the hormones of 
the neurohypophysis are of little direct significance for psychology. 
They are included to give you an example of an endocrine gland 
which is solely under nervous control 
plete picture of pituitary function. 

Oxytocin. Although oxytocin has some effect on most smooth 
muscles of the body, its major effect is on the muscles of the uterus- 
It is believed to be responsible for the extraordinarily strong contrac- 
tions at the end of pregnancy which constitute “ labor,” and which 
result in the delivery of the infant from the uterus, and it is known 
to have strong stimulating effects upon milk secretion by the mam- 
mary glands, 

Vasopressin. The major control of blood pressure seems to be 
via the autonomic nervous system, and the significance of vasopressin 
is not well understood. Removal of the neurohypophysis, however, 
results in low blood Pressure, and increases in bl 
injection of posterior pituitary extracts, 

Antidiuretic Hormone. There is n 
hormone is largely responsible 


and to give you a more com- 


ood pressure follow 


© doubt that an antidiuretic 


for the control of water retention or 
excretion in our bodies. Hyposecretion of the ! 


disorder in which there is more or less const 
course, great thirst. In other words, water is mot resorbed in the kid- 
neys but passes to the bladder and is excreted. Some workers believe 
that it is Vasopressin, and not a separate hormone, Which has these 
antidiuretic effects, 

Hormones of the Anterior Pituitary. The hormones of the adeno- 
hypophysis are complex and extremely interesting, 
apparently by only three types of cells, yet some au 
there are at least nine separate hormones and others suggest even 
more. We shall content ourselves with the study of the six hormones 
best known and most clearly differentiated. It is Possible that one of 
them, the growth hormone, is responsible for many of the effects 
sometimes ascribed to additional postulated hormones, 


ormone leads to a 
ant urination with, of 


They are secreted 
thors are convinced 
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Two of the six (the growth and lactogenic hormones) act directly 
on nonendocrine tissues; the other four act primarily on other en- 
docrine glands and induce hormone production and secretion in 
them. These four are known as trophic hormones; that is, each has 
a “ target ” endocrine gland which it induces to activity. It is prob- 
able, however, that all six of these hormones have endocrinotrophic 
functions; it is by virtue of these trophic hormones that the anterior 
pituitary gains the name “ master gland.” 

Growth Hormone (STH). Pituitary dwarfism and gigantism are 


two of the dramatic effects of glandular dysfunction. In cases of hypo- 
secretion of the growth hormone (sometimes referred to as the so- 
STH) * from the anterior pituitary, we find 
an inhibition of growth in the tissues and the long bones of the body, 
resulting in a shortness of stature known as dwarfism. Such indi- 
viduals may be normal mentally and may or may not have other mal- 
formations in structural development. The salient feature is the 
marked arrest in growth. On the other hand, hyperfunction of this 
portion of the gland during the years of normal growth will result 
in an extended growth period and occasionally will produce giants 
8 or g feet in height. Again, the mental development may be normal 
ation in other bodily structures. 


and there may be no malform 
yin this gland in the post-pubescent period results in 


another kind of anomaly, acromegaly. Here, by reason of a tumorous 
other unusual stimulation of the gland after the pe- 
riod of normal growth has been terminated, a new period of erowth 
begins. At this time. however, the ends of the long bones have typi- 
cally become rounded and closed and this interferes with further 
longitudinal growth. As a result, the increased calcification that oc- 
curs under this renewed pituitary stimulation results in a widening 
of the bone structures; and the increased tissue growth must occur in 
relation to a fixed skele in the organs of the abdomen 
al muscles. This kind of growth is particularly 
skeleton and in the viscera. Thus, 


matotrophic hormone, or 


Hyperfunctior 


growth or some 


ton — that is, 


and in exterior skelet 
noticeable in the extre 
the abdomen, hands, feet and facial s 
coarser appearance. 

The Lactogenic Hormone. 
hormone (sometimes called prolactir 
milk in the mammary glands. Its secre 
by endocrine changes that occur late 
delivery; but other hormones already have 
The secretion of prolactin is merely the final step in the process. 

Thyrotrophin (TTA). Ot the trophic hormones of the anterior 


mities of the 
tructures acquire a heavier and 


name implies, the lactogenic 
a) stimulates the secretion of 
tion is believed to be increased 


As its 


in pregnancy or at the time of 
prepared the mammaries. 
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pituitary, thyrotrophin, or TTH, is perhaps the most specific in its 
effect. Apparently its sole function is to stimulate the thyroid to 
secrete thyroxin. In its absence, the thyroid is practically nonfunc- 
tional. If there is over-production of thyroxin, however, the produc- 
tion of TTH is inhibited. The joint actions of TTH and thyroxin 
furnish a neat example of chemical integration. The major princi- 
ple is shown in Figure 15.2. Normal thyroid secretion, then, is the 
result of a nice balance between two hormones which is achieved 
through their mutual chemical influences, 


TTH (excitatory) 
Anterior t 
Pituitary Thyroid 


Thyroxin (inhibitory) 


FIG. 15.2. Chemical integration in thyroid secretion, 


Adrenocorticotrophin (ACTH). The major function of adreno- 
corticotrophin, or ACTH, is to stimulate the 
the subject of vigorous research at the moment. Its discovery and iso- 
lation is only recent, but it is being heralded as a panacea for all 
sorts of disorders, from rheumatoid arthritis to 
functions, apart from its stimulation of the adrenal cortex, are not 
clear, but it seems to have some influence upon the formation of 
acetylcholine. It apparently is released in increased quantities dur- 
ing stress stimulation and is important in withstanding prolonged 
stress. We shall refer to it again when we discuss the “ vener pta- 
tion syndrome ” in Chapter 25. 53 

The Fp Aes Hormones. 2 two Sonadotrophic hor- 
mones of the anterior pituitary primarily affect the o : that is. 
the ovaries and the testes. They, with the Beat were as 
largely responsible for sexual maturation and functi 1 55 
lating the menstrual cycle and the reproductive 
Their functions will be more easily understood jf 
in relation to the gonadal hormones themselves. Th 
the follicle-stimulating hormone (FSH), and the 
mone (LH). 

The Gonadal Hormones. In a developing y 
the undifferentiated pair of gonads in the abdo 
ferentiation according to the sex of the organism, 
develop into ovaries; in the male, they desce 
scrotum) outside the body and are called teste 
of the gonadotrophic hormones from the ante 
sues mature, they produce germ cells called 


adrenal cortex. It is 


allergic asthma. Its 


on, and for regu- 
cycle in women. 
we discuss them 
ey are known as 
luteinizing hor- 


ertebrate organism. 
men undergoes dif- 
In the female, they 
nd into a sack (the 
s- Under the influence 
rior Pituitary their tis- 
©va in the female and 
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spermatozoa in the male, and they also become endocrine glands. 


Both secrete several substances, all of which are chemically similar to 
the steroids of the adrenal cortex. Those primarily from the testis are 
known as androgens and those primarily from the ovary are known 
as estrogens; but the testis apparently produces some estrogen and 
the ovary some androgen, and some of both also is produced by the 
adrenal cortex. Moreover, during the period of reproductivity ina 
female, the ovary at times secretes an additional hormone, proges- 
terone. Since the gonadotrophic hormones were discovered and 
named in connection with studies of female physiology, we shall first 
discuss the female hormones. 

Estrogen: Follicles of Ovary. The cells that secrete estrogen in 
the female are in the walls of the follicles, small bodies within the 
veloping egg cell or ovum. Estrogen 
secretion is stimulated by a gonadotrophin from the anterior pitui- 
tary, the follicle-stimulating hormone (FSH). Under the influence 
of FSH and estrogen the girl becomes a woman, her sexual organs 
mature, her mammary glands grow, and she attains a typical female 
body build and hair distribution. A 

In the sexually mature woman, usually only one ovum attains ma- 
s or so. At that time it breaks through the follicle 
ne ovary (a process known as ovulation) 
igh tubes leading to the uterus. 
of Ovary. Just before and after the 
lation, other cells in the follicles have 
t under the influence of FSH and 
hin, the luteinizing hormone (LH). 
These cells together are known as the luteal body or the corpus 
under the additional influence of prolactin from the 
ice and to secrete another hormone, 
ribes its major functions; it augments 


Ovary most of which contain a de 


turity each 28 day 
wall and the covering of tl 
and begins its descent throt 

Progesterone: Luteal Body 
rupture of the follicle at ovu 
been undergoing developmen 
the other pituitary gonadotrop 


luteum. Soon, 
Pituitary, they are led to prodt 
progesterone. Its name well desc 
the preparation of the body for gestation, for the period of develop- 
ment of the fertilized ovum into a human infant. With estrogen, it 


prepares the uterus to receive and implant the ovum, and it main- 
tains the change begun under estrogen in the character of the uterine 
wall, where hew vascular tissue has been added and, therefore, an en- 
riched blood supply has occurred. ; ; 

If the ovum has been fertilized and if it becomes implanted in 
the uterus, the corpus luteum continues to secrete progesterone for 
awhile, but soon a new chemical influence becomes predominant in 
the maintenance of pregnancy, the chorionic hormone. This product, 
peculiar to pregnant mammals, is produced by endocrine tissue in 
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the placenta and is similar in many respects to progesterone. Its in- 
hibitory influence on the production of FSH is removed, of course, 
immediately after birth and the normal reproductive cycle soon re- 
appears, although in some Species its reappearance is somewhat re. 
tarded if the newborn infant is nursed. The mechanism of this fur- 
ther inhibition is not well understood. 

If pregnancy has not occurred, the corpus luteum degenerates, pro- 
Sesterone secretion decreases rather abruptly, and menstruation oc- 


GroGing ” Optured 


4 228 i Corpvs 
Follicle Mature Follicle : Luteum 
Follicle Progesterone 


3. Ovarian and Pituitary interrelationships in female mammalian Cy" 
cle. FSH (follicle-stimulating hormone) i 


1S responsible for folli r growth. 
5 s ollicular gro 
is i a all a r f inizi i A 
FSH and a small amount o me (luteinizing hormone) stimulate further fol 
licular growth and estrogen production which in turn increases amount of LH 
produced. Large amounts of LH and Probably small amounts of FSH induce 
ovulation. Corpora lutea develop under the influence of LH SA Pesos func- 
S Dec 


tionally active in presence of lactogen. (After Fulton.) 


curs, with a disruption in the uterus 
and the reproductive cycle begins aney 
plex and all of the hormonal relationships are not def 
but Figure 15.3 will give you some @Ppreciation of th 
they furnish a dramatic example of chemi 

Androgen: Testis. The Pituitary gon 
sexual functions in the male. FSH influences the dey, 


cells of the testis that produce Spermatozoa; 
and regulates the secretion of androgen fror 


of the Progestational changes: 


v. These events are quite com- 


initely known, 
em. Together, 


also regulate 
elopment of the 
While LH stimulates 
mother cells in the testis. 


z ANS testosterone, Under its in- 
fluence a boy develops into a man, his sexual ae a i 


The name of the major androgen 
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ondary sexual characteristics appear (i. e., masculine hair growth, 
change in voice, masculine skeleton, and muscle formation), and 


sexual activities increase. If castration occurs before the culmination 


of this developmental process (that is, before puberty), he fails to 
show these male characteristics. Moreover, he tends to be obese with 
a somewhat feminine appearance and to be unagg 
have seen pictures of such a person, who is known as a eunuch. 
Changes produced by castration after puberty are not so dra- 
matic. In fact, sexual activities may remain unimpaired and sterility 
may be the only perceptible result. Often, however, there is a de- 
crease in energy similar to that experienced in old age, and a de- 
crease in sexual and other motivations. Injections of testosterone will 
and motivation. 
then, as more than a sexual hor- 
abolic stimulant and its relation 


ressive. Perhaps you 


usually reverse this loss of energy 
Androgen must be thought of, 


mone. It is a powerful general met 
to sex drive and to energy output is of particular interest to psycholo- 


gists. For example, one experiment in which individual differences 
in androgen secretion in adolescent males were correlated with meas- 
ures of aggression concluded that some aggressive behavior 1s influ- 
enced by level of androgen secretion.® 
Functions and Behavior. It is difficult to prepare a 
account of endocrine functions and still keep it rea- 
Much must be left unsaid. Many 
inology alone, and there is 


Endocrine 
relatively simple 
sonably accurate and complete. 
entire texts, of course, deal with endocr 
One major volume called Hormones and Behavior. Such a wealth of 
Material cannot be presented in a single chapter of an introductory 


text. However, we want to re-emphasize the relationship of the hor- 


Mones to behavior. ; ‘ A 
The relationships already mentioned involve the following forms 


1 of which is important in a study of psychology: 
energy level, insomnia, general motivation. 
masculinity and feminin- 


of behavior, eacl 
level of muscular activity, 
Sexual drive, emotion, intellectual ability, 
ity, aggressiveness, enthusiasm, normality of growth and sexual func- 
tions, normality of CNS and ANS functions, and ability to respond 
to emergency situations and to withstand prolonged stress. Moreover, 
one should consider the anomalies in physical development or func- 
tion which are attributable to endocrine dysfunctions, for they alse 
contribute to individual differences in behavior and personality. Fi- 
nally, the role of the gonadal and gonadotrophic hormones in the de- 
termination of reproductive and maternal activity 1s a major exam- 


ple of the importance of hormones and che 
will receive further attention in 


Study of behavior. The subject 
Chapters 20, 21, and 24. 


mical integration in any 
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The extent to which individual differences in endocrine excre- 


m H > 3 8 N es by Te: f V 
tions contribute to personality differences in individuals who shov 


g : 5 < x. rens 
no frank endocrine disorder remains a question. Some investigatiol 


Suggest that they play an important role, and many authors in the 
past have written as though all personality differences were due to 
our endocrine glands. Such an extreme position certainly is in error. 
But slight differences in hormonal blood levels may well account 
for differences in temperament, w 
logical basis of personality. ; 

Research on temperament, however, has not been extensive. This 
is not due to lack of interest, for the subject h 
tion of writers since the time of the e 


hich often is defined as the physio- 


as occupied the atten- 
arly Greeks. It is due, instead, to 
Particular, techniques for meas- 
es. When precise and practical 
asuring slight differences in blood 
hormone levels, some fascinating research can be undertaken. Today 
such methods are crude and laborious, and few psychophysiologists 
have used them. Our knowledge is, therefore, scant. ; 
We do have some insights, however, Most is known about thyroid 
effects, and here there is little doubt that slight de 
serve to alter personality. Next 
changes that occur in female mamm 
in hormone levels during the menstrual cycle; and testerone level in 
males seems to bear some relation to sexual dri 
over-all energy level. Beyond this we 
rich field for research. 


ficiencies or exc S 
in certainty are the behaviora 
als associated with known changes 


ve, aggressiveness, and 
can only guess that here lies a 
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Although as students of psychology we are interested primarily in 
a consideration of the relatively 


tterns, called reflexes, cannot 
all of our bodily activities, 
operation of such vital 


the activity of the total organism, 
simple and direct stimulus-response pa 
be omitted. Not only do they enter into 


but also life itself depends upon the proper 
reflexes as breathing. Furthermore, the first genuinely systematic 


studies of the neural events underlying movement were done upon 
reflex activity and so a large body of knowledge concerning reflexes 
is available to give us clues as to how movement is organized. 

Reflex Defined. A reflex may conveniently be defined as a rela- 
tively simple, innate response to a discrete stimulus. No doubt you 
are already familiar with some examples. Very easy to demonstrate is 
the pupillary reflex, which you may observe in a mirror by shining 
the beam from a flashlight into your ehe. Another example is the 
knee-jerk, or patellar tendon reflex, which the physician often tests 
during a physical examination. Perhaps less familiar are the“ jerks ” 
of other muscles, such as those lifting the lower jaw, and the auto- 
nomic reflexes maintaining the blood pressure. 

As we have previously pointed out in the discussion of encephaliza- 
tion, reflexes are normally under the influence of events occurring 
elsewhere in the nervous system. In fact, in order to study a “ pure 
reflex ” the physiologist must resort to operative techniques to iso- 
late the mechanism which he wishes to study. Perhaps you have ob- 
served that the physician has difficulty in arousing a good knee jerk 
when you are paying attention to his hammer, but when you follow 
his instruction to clasp your hands together and pull, a vigorous knee 
jerk appears. This effect of clenching the hands upon the strength of 
the knee jerk has been studied systematically and the extent of the 
leg swing has been measured for different strengths of clench. The 
results clearly demonstrate that the knee jerk is by no means inde- 
pendent of events elsewhere in the organism. 

Most of the things which we shall have to say in this chapter about 
reflexes will be based, as is implied above, upon studies of isolated 


mechanisms. Spinal reflexes, for example, have been most extensively 


studied in preparations in which the spinal cord has been isolated 
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from the rest of the central nervous system. Postural reflexes of, say, 
the midbrain have been studied by removing the higher central nerv- 
ous structures. Therefore, our previous discussion of the technique 
of ablation (Chap. 4) applies with direct force to investigation of 
such isolated reflexes, Keeping this point in mind, we shall now 
proceed to the consideration of some of the more important somatic 


reflexes. Autonomic or visceral reflexes will be discussed in the next 
chapter. 


SPINAL REFLEXES 


The spinal reflexes have been very extensively studied by physiolo- 
gists and they serve, therefore, as a convenient starting point for our 
discussion. The spinal cord is very richly supplied with interconnec- 
tions, not only directly between afferent and ceffere 
also through more or less complex systems of associ 
fact, some reflexes, the scratch reflex for example, can involve almost 
the entire organism, even when the spinal cord is completely isolated 
from the brain. In the intact animal, the spinal cord has important 
conduction functions, which are discussed briefly in Chapter g and in 
the chapters concerning somesthesis and Motor control. As a result. 
neurons representing influences from every level of the CNS play 
upon the final common path. The diagram (Fig. 16.1) of a single 
lower motor neuron gives some idea of the tremendous number of 
synapses on just one cell. It is apparent, then, that what happens in 
the final common path must somehow depend upon the combined 
activity of the presynaptic neurons, some of them excitatory, some 
perhaps inhibitory. In the intact animal, therefore, rellexes axe al 
tered by influences from higher centers and, by the same token, in- 
fluences from higher centers are altered by the reflex activity of the 
cord. It is not easy to walk without limping if you have a sharp nail in 
your shoe! The tack stimulates pain receptors which leads 59 a flex- 
ion reflex. This will be the first reflex which we shall consider since 
it serves as a very convenient example of a spinal reflex, In the course 
of our discussion, we shall have Occasion to introduce several con- 
cepts of reflex action in general, 

The Flexion Reflex. It seems highly Probable that 
have noticed the flexion reflex many years ago. The hee 
of the injured limb of a four-legged 
could not have escaped the notice of 


nt neurons, but 
ation neurons. In 


men must 
2 levated position 

animal is so universal that it 
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asy to demonstrate in the spinal 
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e spinal cord of the cat show- 


FIG. 16.1. Models of motor neurons from th 

ing the large number of synapses. (From Hagger and Barr.?) 

k will demonstrate qualitatively the 
a shocked leg is often used as the un- 


careful study requires the isolation 


Although stepping on a tac 
flexion reflex, and the raising of 
conditioned reflex in learning, 
of a single flexor muscle and the ele 
trunks. In such a preparation, stimulation will give rise to contrac- 
tion of the isolated muscle. If we compare the contraction aroused by 
a single strong shock to afferent neurons to that aroused by shocking 


ctrical stimulation of single nerve 
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motor neurons, we find that the reflex contraction is more prolonged. 
This phenomenon has been termed the“ after discharge and is best 
explained as depending on widespread interconnections within the 
cord. In the first place, these interconnections involve “ long cir- 
cuits,” the name given to conduction loops running upward through 
the cord from the segment stimulated and, then, after some number 
of synapses, running back to the final common path of the original 
segment. Since there are many of these loops, of differing lengths, the 
result is a relatively prolonged arousal of the motor neurons. In the 
second place, there are closed loops of neurons in the cord (as in 
Figure 16.2) , called reverberating circuits, which also prolong the ef- 


— 
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FIG. 16.2. A closed loop of neurons in which activity may persist for 
some time. (Based on Lorente de N.) 


fects of a burst of afferent impulses. Once started, impulses will 
travel around such a loop for some time, stimulating the main path- 
way repetitively. Such circuits, often of considerable complexity, will 
come to our attention again when we consider 
highest structures of the CNS, 

Another temporal aspect of the reflex will also command our 
tion. If we measure the time elapsed between a shock to the afferent 
nerve and activity in the efferent nerve involved in the reflex we are 
considering, we find that this time is greater, by perhaps a millisecond 
or so, than would be expected merely from the conduction time of 
impulses in the nerve fibers involved. This extra time probably de- 
pends on three factors. First is synaptic delay, which is the time re- 
quired for an impulse to be effective across a synapse. This time is 
very short — indeed, it may be vanishingly small with improved 
measurement. Second, the endings of the afferent fibers are very tor- 
tuous. The neural pathways are thus actually 
at first glance and, also, conduction spee 


the functioning of the 


atten- 


longer than appears 


d is undoubtedly slower near 
the endings. Third is a more complicated factor e. 


lay. To understand it, we 
more than an afferent 


alled nuclear de- 
must first note that Most refle 


and efferent neuron, syn 
center. Although the simplest reflex arc nee 


xes involve 
apsing in some nerve 
d contain only receptor, 
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afferent neuron, efferent neuron, and effector in that order, such is 
the case only for the stretch reflex (cf. Chapters 5 and 9). In other 
cases, there will be some number of association neurons interposed. 
the diagram in Figure 16.3. Here the afferent 


Now let us consider 
pool of complexly inter- 


neurons discharge into an intermediate 
connected association neurons, which in turn discharge into a pool of 


motor (efferent) neurons. Now, if a simultaneous burst of impulses 
reaches the association pool, the association neurons will not dis- 
charge a simple simultaneous burst of impulses because of intercon- 
nections. If they did, the delay in passing the next set of synapses (to 


ne 


2 


Association 
nucleus nucleus 


slified diagram of how nuclear \ 
association nucleus will result in an 


a closed circuit, b is a parallel 


FIG. 16.3. Simy delay can arise. A syn- 

chronous burst of impulses to the 

asynchronous burst leaving it. Note that a is 
arrangement. 

the motor neurons) would be no greater than the synaptic delay. 

Since they do not discharge simultaneously, there will be, as is shown 


by experiment, a delay greater than the synaptic delay — this is the 
nuclear delay. In some cases, it may be several times the synaptic 


delay. 


It may appear that the rather simple reflex with which we began 


has developed considerable complication with closer scrutiny. And 
we are not entirely finished with it, since two other general concepts 
require consideration. The first of these is designated by the term oc- 
clusion. The experimental basis of this concept 1s as follows. Suppose 
we stimulate three different afferent nerves — say x, Y, and z, — and 
observe the strength with w ch the flexor muscle under considera- 
tion contracts in each case. For simplicity, let us suppose that stimu- 
lation of nerve x leads to a contraction of 100 gm., of y to 150 gm., 
and of z, to 200 gm. What will be the result of stimulating x and y at 
once? Or of x, y, and z all at once? One might expect addition to oc- 


cur, so that x + y = 250 gm., OY x ty +2 = 400 gm. but such is 
not the case. In each case, the simultaneous stimulation of more than 


hi 
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one afferent nerve leads to a strength of contraction which is less 
than the sum of the contractions taken one at a time. The anatomical 
explanation lies in the overlapping fields of the central connections 
of the afferent nerves. Figure 16.4 shows this diagrammatically and 
it can be seen that if x and y share some postsynaptic neurons, stimu- 
lating y in addition to x will increase the number of aroused neurons 
only by the number of unshared neurons 


Occlusion 


Facilitation 
16.4. Illustrating the way in which occlusion or f 
arise due to overlapping of fields of influence. In the 
the jointly influenced neurons are alre: 
further effect on them (the reverse is also true). 


acilitation can 
case of occlusion, 
ady activated by n and so y has no 
In facilitation, summation 
occurs between x and y because their areas of subthreshold 
overlap. 


influence 

The second concept is designated by the term, summ 
may be temporal or spatial. The concept of tempor 
derived from the observation that the se 


ation, which 
al summation is 


cond of two weak afferent 
volleys entering the reflex center in rapid succession vill have an 


effect larger than when it is applied alone. The conceptual similarity 
to temporal summation in the nerve fiber is apparent. Spatial sum- 
mation is of considerably greater importance in understanding the 
activity of the CNS (you may recall the statement in Chapter g that 
single impulses probably do not cross synapses). The experimental 
observation basic here is the exact Opposite: of that involved inoc 
clusion. If the volley of afferent impulses is too we 
flex response, a simultaneous weak volley in 
other fibers of the same nerve, 


ak to arouse a re- 
another nerve, or in 
can summate in the CNS to give rise 
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to the response. Here one can assume that the one volley of impulses 
was not suflicient in number to arouse postsynaptic neurons, but the 
two volleys arriving simultaneously have additive effects in the region 
in which they have overlapping synaptic connections. When one con- 
siders the multitude of synapses on a single neuron (Fig. 16.1) , it 
at in the usual course of events a bewildering 


becomes apparent th 
inhibitions) must be con- 


complexity of summations (and probably 
stantly occurring. 


The Stretch Reflex. The stretch or myotatic reflex has already 


been discussed in some detail (Chaps. 5 and g.). It is included here 
partly because of its importance in the maintenance of posture and 
partly because it exhibits certain interesting characteristics. Of in- 
terest is its so-called “ dead-beat ” action. If the stimulus is removed, 
the reflex contraction stops at once — there is no after-discharge. 
Also, the stretch response to a tug Or jerk on a muscle is restricted 
to the muscle, or even part of one muscle, which was stretched. In 
addition, the response latency is relatively short. Taken together, 
these observations suggest that the reflex arcs involved contain two 
re are no internuncial neurons. 

most strongly developed in the extensor mus- 
practical importance to the organism 
sags at the knees,” 


neurons only — the 

Stretch reflexes are 
cles, hence are of considerable 
in that they aid in resisting gravity. Thus, if one 
his extensor muscles are stretched and will contract reflexly. Even in 
men whose spinal cords have been cut, these reflexes eventually re- 
cover and many such patients have learned to walk on crutches and 
with legs made rigid by stretch reflexes. 

The Extensor Thrust. The stretch reflex involves only the muscle 
stimulated, so that simultaneous stretch reflexes in all of the muscles 
of a limb must depend upon simultaneous stimulation of each in- 
dividually. The extensor thrust is a reflex involving an entire limb. 
In the laboratory, the extensor thrust is readily shown in the spinal 
dog, preferably in the hind limbs, and consists of a brief thrust or ex- 
tension of the entire limb following either pressure on the toc-pads 
or quick separation of the toes. The receptors most directly involved 
s of the toe muscles, but pressure receptors in 
ortance. In the intact organism, the extensor 
king and especially galloping. Here, when 
the extensor thrust comes into play, 
ie animal forward. 
discussion of muscular activity 
uce the concept of recipro- 
all, refers to the inhibition 


are the proprioceptor: 
the skin are also of imp 
thrust is involved in wal 
the foot strikes the ground, 
straightening the leg and driving tl 
Reflex Coordination. In the 
(Chap. 5), it was found necessary to introd 
cal innervation. This concept, you will rec 
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or relaxing of antagonistic muscles under certain circumstances. We 
may extend this basic idea somewhat to include reflex coordination 
of greater scope. Thus, in the spinal animal, both the flexion and ex- 
tensor thrust reflexes cannot be aroused simultaneously in the same 
limb. One or the other reflex becomes dominant while the other is 
inhibited. If the stimulus is strong enough to arouse nociceptors, 
flexion will be dominant and the extensor muscles will lose in tone. 
Moreover, flexion reflexes do not occur in two limbs at the same time. 
As a matter of fact, a flexion reflex leads to what is termed a crossed 
extensor reflex. That is, if the left hind leg of the dog is flexed, the 
right hind leg displays an increased extensor tone. This increased 
tone arises fairly slowly and has a prolonged after-discharge. Under 
some circumstances of simultaneous stimulation on the two sides of 
the body, alternating contraction and relaxation in symmetrical mus- 
cles of the opposite limbs may be aroused and stepping motions re- 
sult. This type of alternating thrusting and withdrawing can be dem- 
onstrated not only in the spinal dog but also in the newborn in- 
fant. Holding the infant erect and touching the feet to a flat surface 
will lead to stepping movements. 

A caution needs to be interposed here, since it must not be thought 
that all influences from one side of the body to the other are of this 
alternating variety. Under some circumstances, simultaneous simi- 
lar responses can be aroused on both sides as, for example, is seen 
when both hind limbs in the spinal dog exhibit strong extensor tone. 
Moreover, in the intact organism strict reciprocal innervation is not 
a necessary rule. This point will be discussed in more detail in Chap- 
ter 18. 

Inhibition. Although we have used the term inhibition upon 
occasion, our discussion of reflex coordination requires its closer 
scrutiny. The basic observation is fairly simple. For example, in 
reciprocal innervation, if a flexor for a given joint contracts, the ex- 
tensor actually loses tone. Some connections to motor neurons must 
be excitatory, therefore, but others must be i 
actually interfere with excitation by 
course, is not confined to the CNS. The chapter on the autonomic 
nervous system (Chap. 17) contains many examples of inhibition 
outside the CNS — the slowing of the heart by the vagus nerve, the 
stopping of peristalsis in the intestine by the sympathetic nervous sys- 
tem, and so on. However, our discussion here will be confined to in- 
hibition as it relates to synapses. 


nhibitory, that is, they 
other neurons. Inhibition of 


Certain characteristics of inhibition in the CNS are rather well 
established, particularly with regard to the spinal cord. First, inhibi- 
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tion, just as excitation, exhibits occlusion or summation depending 
on the circumstances. Second, varying the strength of the stimulus 
and, hence, the size of the afferent volley will lead to variation in the 
amount of inhibition found. If, for example, we gradually increase 
the strength of stimulation of a nerve which leads to inhibition of 
a reflex which is being elicited by another nerve, the response is re- 
duced as the inhibitory stimulation is increased. Third the same af- 
ferent nerve can excite one response and inhibit another at the same 
time. This is apparent from a consideration of reciprocal innerva- 
tion. Fourth, inhibition may have considerable duration — as much 
as two seconds — which may be considered to be analogous to reflex 
after discharge and to imply long or reverb 
brief latency, as brief, in fact, as the latency for 
tions for inhibition must be 


erating circuits. Fifth, in- 


hibition may have 
excitation. This implies that the connec 
comparable in complexity, or simplicity, to those for excitation. 
Although speculation has been rife, we simply do not know how a 
how the characteristics noted above 


neuron can inhibit another or 
as in the case of synaptic transmission (Chap. 


by some to a chemical process (hu- 
electrical phenomenon. The hu- 


can be explained. Just 
3), inhibition has been ascribec 


others to an 
r and states that some neurons (or 


substance. 


moral theory) and by 


moral theory is basically simple 
some endings of some neurons) secrete an inhibitor 


Since it is well established that just such secretions occur at the pe- 
ripheral endings of antonomic fibers in various bodily organs (Chap. 
17), this idea has some plausibility. An electrical theory requires 
it is not easy to see how, if all nerve impulses 
uron should excite across a synapse while 
nis difficulty requires supplemental 
al nature. No theory is well estab- 
ests on firm ground. The basis 


more elaboration since 
are essentially alike, one Ne 
still another should inhibit. Ti 


usually of an anatomic 
inhibition T 


lucidation. 
When the entire spinal cord is left intact, 


complex patterns of response. indicat- 
rganization within the cord. Two care- 
atal) reflexes will be considered here. 
flex of the dog. If a spinal dog (or 
nulated by a vibration on the skin 
hind leg of the same side will 


theorizing, 
lished. The concept of 
for it remains for future e 

Long Spinal Reflexes. 
the animal can exhibit r 
ing a considerable degree 
fully studied long (inters 
First is the familiar scratch re 
) is stil 
st, the 


ather 
ofo 
egmer 


normal dog, for that matter 


along the upper part of the che : 
display scratching movements. At the same time, appropriate sup- 
in the other legs. It must be remembered 


that the response, including the rhythmical scratching movement, is 
al cord. The second example of a 


port Ing responses are made 


organized entirely within the spin 
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long spinal reflex is the pattern of response which underlies walking 
in quadripeds. Harmonious rhythmic movements of the limbs are 
at least partly organized in the spinal cord, although in the intact 
animal considerable higher level control is also involved, 

Visceral Spinal Reflexes. The spinal reflexes which we have so 
far considered involve the skeletal muscles. There are a number of 
spinal reflexes which involve the autonomic rather than the somatic 
nervous system. These include elimination and sexual activity which 
are mentioned in the next chapter. Visceral reflexes are under the in- 
fluence of higher centers just as are the somatic reflexes. Other nerv- 
ous activity can influence the knee jerk and it can affect elimination 
and sexual reflexes as well. 

Spinal Man. Recent advances in medical technique have made it 
possible for persons with severed spinal cords (paraplegia) to sur- 
vive and in many cases to lead active, productive lives. In such cases, 
if transection of the cord is complete, those portions of the cord be— 
low the cut are removed from the influence of higher centers and the 
activity of the effectors they serve is purcly reflexive. Immediately 
after transection, reflex activity, as a result of the shock of injury, is 
absent. In a few weeks, flexor reflexes appear and finally extensor 
reflexes appear. Of course, sensation below the cut is permanently 
lost. Visceral reflexes may become active within a fey 
patient develops an “ automatic bladder,“ that is, the eliminative 
reflexes empty the bladder when internal pressure has reached a 
given level. The possibility of using extensor reflexe 
weight has been mentioned earlier in this chapter, 

The severity of symptoms and the chances 
course, markedly influenced by the le 
is above the fourth cervical segment 


v days and the 


S to support the 


for recovery are, of 
vel of transection, If the section 
k breathing promptly stops De- 
cause the nerves to the muscles of respiration leave the cord at this 
level. A common football injury is dislocation of the 
this level. Prompt artificial respiration will s 
cord has not been too severely damaged. Se 


neck at about 
ave the player if the 
ctions below this level 
will affect varying amounts of the body. In general, the lower the 
section the better the chances for survival. 


HIGHER Lever REFLEXES 


The reflexes of the medulla which are of most interest to us may 
be put under two general headings: (1) vital reflexes, and (2) de- 


cerebrate rigidity. We shall discuss the so-called vital reflexes first. 
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Breathing. The most dramatic of the vital reflexes is breathing. 
Although higher centers can influence the respiratory reflexes of 
the medulla, they cannot completely inhibit breathing activity. One 
can hold his breath for a time but he cannot commit suicide in this 
way. The reflex control of breathing is fairly complex and serves to 
illustrate how a series of interrelated mechanisms combine to give 
an integrated activity. 

Normal, quiet breathing is based on active inspiration and pas- 
Sive expiration. As one breathes in, the diaphragm and rib muscles 
contract, forcing the viscera downward and bulging the abdominal 


wall, while the chest is elevated. When inspiration stops, the elasticity 
of the tissues serves to return them to their original position. The 
ed by an inspiratory center in the medulla. 
he CO, and hydrogen ion content of the 
blood and responds directly to the condition of the blood. There is 
enter which becomes active when more energetic 
breathing occurs, giving rise to active expiration. One may well in- 
quire why inspiration stops at the end of a breath. If the inspiratory 
center is removed from all influences except the blood CO, it shows 
ation is maintained. Therefore, an 


active inspiration is initiat 
This center is sensitive to t 


also an expiratory c 


d inspir 
active process must intervene to inhibit the inspiratory center if nor- 
mal, rhythmic breathing is to occur. This intervention comes from 
two sources. The first is from the distension of the lungs. When the 


d, receptors therein are stimulated, leading to 
afferent impulses in the Xth cranial nerve (Vagus), which inhibit 
the inspiratory center. The second is from the action of a so-called 
This center lies in the pons. It receives fibers 
nter and sends fibers to the expiratory center. 
is active, the pneumotaxic center is 
he expiratory center and reduces the 
. This loop of connections is of im- 
vagus nerves have been cut. Such a loop, 
gives rise to processes which 
at center, is called feed- 


continuous discharge an 


lungs are distende 


pheumotaxic center. 
from the inspiratory ce 
When the inspiratory center 
aroused: it, in turn, arouses t 
activity of the inspiratory center 
portance largely after the 
where the activity of a given center c 
eventually influence the further activity of th ; 
back, a point which will be discussed more fully after we consider 
decerebrate rigidity. 

Still another important n 
is based on the chemical rece 
artery in the neck in which y 
e side 
ased CO, or hydrogen ion concentra- 
tion. In normal quiet breathing these 


yechanism contributes to breathing. This 
ptors in the carotid artery — the large 
ou can readily feel the pulses if you 


place your fingers lightly at th of your windpipe. These chemi— 


cal receptors respond to incre 
tion or decreased O, concentra 
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receptors exert, by way of their neural connections, only a slight 
tonic effect on the inspiratory center. In case the O, level of the 
blood falls and CO, content does not rise (at high altitude, for ex- 
ample) , the carotid receptors provide some impetus to breathing. 

The above outlines the basic mechanisms regulating breathing 
on the reflex level. Of course, higher centers can intervene and some- 
times do to the detriment of normal health, as when the sighs of 
neurotic sadness overventilate the blood and lead to dizziness. Two 
important general concepts arise from our discussion. First, there 
exist central neurons which normally respond directly to the con- 
ditions of their environment, not only to impulses in other nerve 
fibers. Other examples will be discussed in relation to the antonomic 
nervous system and motivation. Second, an important way of main- 
taining equilibrium is by means of feedback loops, where the activity 
of some structure gives rise to events which ultimately help deter- 
mine the further activity of that structure. The type of feedback 
which we have been considering is called negative because the ulti- 
mate effect is to reduce any deviation from equilibrium. For ex- 
ample, if blood CO, rises and respiration increases in depth and rate 
as the result of arousal of the respiratory centers, the increased 
respiration leads to a reduction in blood CO., thus ultimately re- 
ducing the stimulation of the centers and returning respiration to its 
resting level. On the other hand, a reduction in the vigor of respira- 
tion leads to a rise in CO, content of the blood which in turn arouses 
the respiratory centers. 

Other Vital Reflexes. The “ medullary animal ” 
CNS severed between medulla and pons) displays several other 
rather complex reflex patterns involving not only the autonomic 
nervous system but, also, sometimes involving the simultaneous dis- 
charge of the somatic system as in the case of respiration, One such 
pattern is the maintenance of the blood pressure which depends upon 
reflex contraction of vascular musculature, largely aroused by stimu- 
lation of receptors in the carotid sinus. This is another example of a 
negative feedback relationship. More complicated patterns are sneez- 
ing, coughing, vomiting, and swallowing. These patterns are well- 
organized in the medullary animal. 

Decerebrate rigidity is a pattern of intense, persistent extensor con- 
traction which arises when the CNS is sectioned at the level of the 
midbrain, The highest structures necessary for this rigidity to de- 
velop are the vestibular nuclei, which receive impulses from the non- 
auditory inner ear (cf. Chap. 9), and from the recticular formation. 
The latter is a diffuse column of cells running through medulla, pons, 


(one with the 
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and midbrain, as far as the diencephalon. Both the reticular forma- 
tion and the vestibular nuclei exert an energizing influence on the 
lower motor neurons and lead to exaggeration of the stretch reflexes. 
Decerebrate rigidity arises, then, because positive feedback occurs in 
the stretch reflex arcs. This can be interrupted by cutting the muscle 
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FIG. 16.5. Diagram of ev 
light No. 2 leads reflexly to aiming 
away from its attachment. The rigidity will disappear at once, be- 
cause the stretch receptors will then no longer be aroused by the con- 
traction of the muscle. In the normal animal this exaggerated posi- 
tive feedback does not occur because there are inhibitory influences 
from higher centers. 
Aiming Responses of the Eyes. In the cat, the superior colliculi 
s which will serve as an in- 


mediate an aiming response of the eye 
nism — which has consid- 


troduction to a concept — the servomechar 
This term is a general one 


erable currency in psychological theorizing. 
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referring to feedback-controlled systems in general. First, let us con- 
sider the experimental results. If a cat has the structures above the 
midbrain removed, the eyes will automatically fixate a bright spot of 
light on a dark background. It is further found that if the superior 
colliculi (sometimes called the optic tectum) are removed, this aim- 
ing response is lost. Now it is known from anatomical research that 
the nervous connections from the retina preserve their spatial re- 
lationships in the outer layers of the tectum. Thus, each point of 
the retina is represented by a corresponding point in the tectal 
map.“ Figure 16.5 diagrams this relationship. It can be seen that 
when the spot of light falls on the fovea (we consider only one eye for 
simplicity) , the nerve impulses resulting will reach the tectum in the 
middle of the “ map,” point F. If the light falls to one side, the im- 
pulses arrive at some other point and reflexes are set into action which 
move the eye until proper aim results in the impulses reaching 
point F; that is, the eye is turned so that the spot of light falls on the 
fovea. Such a system is called a servomechanism in engincering and 
our physiological example is very similar in form to such mechanical 
devices as automatic pilots for boats and aircraft, Indeed, it would 
not be difficult to build a box on a pivot which would always turn its 
“face” toward a light. Since its introduction into psychology and 
physiology, the concept of the servomechanism has been applied to 
many nonreflex situations, such as aiming a gun, in which the activity 
of the organism is based on the relationship in space between the or- 
ganism and some external target — bullseye, airplane, baseball — 
and in which the activity of the organism changes this relationship. 
You will observe that this situation involves feedback; in this case, 
through a loop of events actually going outside the organism, This 
type of activity will receive further consideration in subsequent 
chapters, 

Higher Level Postural Reflexes. Some aspects of the maintenance 
of posture have been so thoroughly studied that it is possible to out- 
line the reflex activity underlying them. Most of the work has been 
done on animals, particularly the cat, and the results do not hold in 
detail for man. We can, however, hazard the guess that in m 


ý an there 
1s considerably more encephalization than in the 


cat by observing the 
may be present, but 


as precise adjustment. 
are outlined below, 
Tf only the medulla is left connected to the 


results from the study of monkeys. The reflexes 
they are not as efficient and will not permit 
Some of the more important reflexes 


g Spinal cord, the animal 
will be able to support itself although showing dece ridity. 


: rebrate ri 
If now the head is turned (by the experimenter) 1ifted.-or depressed, 


Higher Level Reflexes 255 


alterations in posture occur. These result from reflexes arising from 
ear. When the head is turned 


receptors in the neck muscles and inner 
to one side, extensor tone is increased on that side and decreased on 
the other. When the head is lifted the front legs are extended and 
the rear flexed, The reverse holds for depression of the head. These 
reflexes may be considered as useful parts of total bodily activities 
associated with the orientation of the head. Similar responses to head 
turning can be demonstrated in man. 
If the midbrain is left intact, the a 


flexes.” When placed on its side, the dog or 
ning with the head, assume an upright position. Primates possess the 


reflexes but do not achieve a standing position — greater encephali- 
zation has occurred. If a midbrain cat is dropped upside down, it 
amazing speed. This bit of coordinated acrobatics is 
accomplished by a sequence of reflexes. First, the head is turned by 
reflexes based on inner ear stimulation. Second, the turning of the 
head leads to stimulation of proprioceptors in the neck muscles 
which results in turning movements of the body. If the inner ears are 
destroyed, the animal drops on its back — unless the eyes are func- 
tional, in which case optic reflexes initiate the response. In fact, the 
eyes undoubtedly play the predominant role in the maintenance of 
posture in man, the inner ear being a poor guide. Nonvisual righting 
reflexes are not a good substitute for instruments when flying in 
clouds. 

The midbrain animal also shows postural reflexes depending upon 
Stimulation of pressure receptors in the skin. Since cat and primate 
reflexes differ somewhat, We shall describe the posture assumed by a 
monkey when placed on its side. Here the lower limbs are extended, 
the upper limbs flexed. Furthermore, there is a grasp reflex of the 
hand. If one places a weighted board on the upper surface of the 
animal, the postural reflex disappears. The grasp, however, is in- 
fluenced by other righting yeflexes and does not depend solely on 


the skin. 

If the cerebral cortex is int 
These are called hopping and ) 
the alternate lifting and re-extension of the 


held with one foot touching a surface and it is the i 
Placing has several forms, but can be exemplified by holding a blind- 


folded cat horizontally and bringing the forelimbs against the edge 
of a table. The normal cat promptly places both feet on the table. 


nimal exhibits “ righting re- 
cat will gradually, begin- 


flips over with 


act, two other general reflexes appear. 
placing responses. Briefly, hopping is 
foot in the cat when it is 
n moved sideways. 


These responses depend upon the cerebral cortex. 
The postural reflexes may be considered to be important substrata 
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for normal behavior. They provide some of the automaticity of de- 
tail which seems to be characteristic of motor performance and must, 
therefore, be taken into consideration when attempting to under. 
stand behavior. When we discuss, in Chapter 18, a few aspects ol 
designing equipment for maximum efficiency, we shall see that the 
normal complement of reflexes must be taken into consideration. It 
would not do, for example, to have a sharp pain in the foot serve as 
a signal for extending the same leg! 

Tropisms. Whereas a reflex is relatively limited in scope, a trop- 
ism involves total bodily orientation in relation to some external 


Shy 


— Light 


ae) FIG. 16,6. Diagram 
lat of light tropism in 
* the moth. Note how 
uneven illumination 
Candle of the eyes can lead 
to increased strength 
of wing action in the 
wing opposite the 
more brightly illu 
minated eye. 


Moth 


stimulus. Where righting reflexes leave off and tropisms begin may 
be a very fine point indeed. Perhaps a universally known example 
will serve to clarify the meaning of tropism. As is common knowl- 
edge, moths tend to approach a flame. For precision, let us say that 
moths tend to approach a light. This tropism depends upon rather 
rigid nervous connections with which the moth begins life. There are 
many other examples of tropisms, and words have been coined to 
designate the type of stimulus on which they depend — whether 
light, gravity, contact, temperature, and so on. Such tropisms are 
common among the insects, and some, such as the tendency of rats to 
follow walls, may be noted even in mammals. Our Particular interest 
is more general, however, and centers on the analysis of tropisms in 
servomechanistic terms. 

Consider the moth. Let us postulate that the left eye, as dia- 
grammed in Figure 16.6. is so connected to the Nervous system that. 
when stimulated, it leads to stronger contraction of the right wing. 
ye. If, now, one eye 
is more strongly stimulated than the other, the Opposite wing beats 


more vigorously and the moth turns toward the source of stimulation. 


The reverse is assumed to hold true for the right e 
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The actual path will depend on this effect, plus the effect of the previ- 
ous line of flight, and the moth describes a spiral. The similarity to 
yes is obvious and here again we have an 


the aiming response of the e 
de the organism, but this time in- 


example of a loop extending outs! 
volving the total animal. 
Whether actual tropisms exist in man is probler 
ance behavior — leaving the region of a hot furnace, for example — 
seems similar to tropisms in other animals, (cf. Chap. 20), but such 
responses usually are not as automatic and invariable as classical trop- 
isms. Nevertheless, it is possible to formalize some cases of very com- 
g, in the same terms as tropism and, thus, 


plex activity, such as aiming 
to gain some advantage in the analysis of sources of error. We shall 


discuss this point in Chapter 18. 


matical. Some avoid- 
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~ We come now to another important system for the integration of the 
functions of the body — the autonomic nervous system, or ANS. In 
the endocrine system, we found extensive means of chemical integra- 
tion with little actual neural integration. In the ANS, we find another 
combination of chemical and neural integration but with the empha- 
sis on nervous rather than on chemical functions, 

In your study of the adrenal medulla and of the islet cells of the 
pancreas, you were promised more detailed descriptions of the func- 
tions of their hormones in relationship to the ANS. At least one of 
these glands, the adrenal medulla, is really a part of the ANS; and 
there is some evidence that the islet cells themselves also may be re- 
garded as an effective part of this system. It follows, then, that the 
ANS is intimately related to the endocrine system. Together they 
Serve to regulate most of our internal functions and serve to maintain 
homeostasis. 

There are several different points of view concerning the nature of 
the relationships between the endocrine system and the ANS. One 
holds that the endocrines are subservient to the ANS, whereas an- 
other holds that the endocrines control the ANS. Probably neither 
of these views is entirely correct. As a matter of fact, in single-cell 
organisms and even for a long time after cellular differentiation be- 
gan to occur, most of the functions now served by both the endocrine 
and autonomic systems were taken care of by the chemical secretions 
of the cells themselves, Not until quite late in evolution do we find a 
true differentiation of secretory cells or of the nerve cells that make 
up the ANS. In the present state of our knowledge it seems pointless 
to consider which of the two systems is subservient to the other. Both 
are necessary in all warm-blooded vertebrate organisms for the main- 
tenance of the internal environment, and it is difficult to consider the 
functions of one apart from the other. We saw, however, in our study 
of the endocrine glands that the posterior pituit 
control from the hypothalamus. Moreover, ther 
that the anterior pituitary is influenced by sec 
pothalamus. Since the hypothalamus also serves 


ary is under neural 
eis some possibility 
retion from the hy- 


as an integrator and 
controller of the autonomic system, one may think of it as a sort of 


master controller“ of homeostasis. 
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Terminology and Definitions. The ANS, or as it is sometimes 
called, the vegetative nervous system, is often thought of as a periph- 
eral system of efferent fibers — that is, one that is outside the spinal 
cord and brain (CNS). Although any consideration of it must em- 
phasize its peripheral aspects, it seems pointless to follow such an 
arbitrary classification. Most of the nuclei that control it are to be 
found in the brain stem and hypothalamus. Furthermore, we shall 
see that the cortex influences it too. 

We may more appropriately think of three classes of peripheral 
nerve fibers, all of which are outposts of the CNS. One class is the 
sensory or afferent fibers; a second is the motor or efferent fibers that 
innervate striate muscles; and the third is the fibers of the ANS. The 
latter are motor; they innervate smooth muscles and glands; and — 
a quality which makes them unique — they synapse in ganglia be- 
tween the spinal cord and the organs they innervate. Peripheral 
autonomic fibers, therefore, are of two sorts, preganglionic and post- 
ganglionic. Autonomic fibers also have another anatomical arrange- 
ment which is peculiar to them. Those that leave the spinal cord do 
So only at certain vertebrae instead of throughout the length of the 
cord. or F ; 

Peripheral autonomic fibers can be divided into two classes with 
somewhat different characteristics. First, those fibers which leave 
of the cord and those which leave the brain 
nglionic processes, and the point of synapse is 
cle or gland which is innervated. Together 


the sacral region 
stem have long pregal 
rather close to the mus 
they are known anaton 
those that leave the cent 
thoracic and upper lumba 
glionic fibers which synapse 
not far from the cord. The 
thoracico-lumbar system. 
The major ganglia of this ! 
number of extending fibers an 
spinal cord known as the sympath¢ 
terconnecting fibers of the thoracic 
importance in understanding behavior. 
nection provides for mass action of the total system. l 
The thoracico-lumbar group of neurons attracted more attention 


in the early days of anatomy than did the crar 
ally to function mo 
produced by its own activa- 


vas given the name, the 


aically as the cranio-sacral system. Second, 
ral portion of the spinal cord (i.e., the 
r regions) typically have short pregan- 
with postganglionic neurons at a point 
anatomical name for this group is the 


atter system are interconnected by a 
d form a chain on either side of the 
hetic ganglionic chain. These in- 
co-lumbar ganglia are of great 
Such anatomical intercon- 


nio-sacral group, since 
it is interconnected anatomic re or less as a unit 
and since the secretion of epinephrine, 
tion, facilitates its unitary action. It soon Vv 
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sympathetic nervous system (SNS). By stimulation of this system, a 
number of organs were brought into function in sympathy ” with 
each other. Since the cranio-sacral system lies on either end of the 
spinal cord around the sympathetic system, it was natural for it to be 
called the parasympathetic nervous system (PNS). Today these re- 
main the most popular terms. 

The figure on the back-plate of this textbook will help you distin- 
guish the two systems and should convince you that the vagus (pl. 
vagi; cranial nerve X) is the most important nerve in the parasym- 
pathetic system. The PNS represents a gradual specialization of those 
automatic activities of simple cells which are involved in the anabolic 
phase of metabolism. In other words, those activities in which the 
single-cell organism engages which are directed toward a conservation 
of energy or a restoration of the organism after exercise or tissue 
damage are, for the most part, the functions that are mediated by 
this cranio-sacral or parasympathetic system. It is obvious that these 
kinds of functions are essential to life. As organisms developed and 
became differentiated, this portion of the nervous system made its 
appearance quite early, but in simple organisms it is seldom called 
by a particular name. 

The thoracico-lumbar system, on the other hand, may be thought 
of as having developed later in evolutionary history. Actually, we do 
not find it very clearly differentiated until we get to the higher organ- 
isms, especially the mammals, all of these being warm-blooded. 
In general, this group of nerves may be thought of as having func- 
tions Opposed to those of the cranio-sacral group. They are, then, in- 
volved with the catabolic phase of metabolism. Another way to look 
at it is that they are concerned with preparing the Organism for emer- 
gency reaction. They are not essential to life in a normal, well- 
controlled, environment if the organism is not subjected to unusual 
stimulation. In fact, there are many examples in scientific literature 
in which animals have lived for long periods of time under labora- 
tory conditions in the absence of postganglionic thoracico-lumbar 
motor nerves, which are easily destroyed by removing the ganglionic 
chain and other major ganglia shown in the back-plate figure. 

Together, these two groups of nerves mediate Most of the func- 
tions of the visceral organs of vertebrate animals, including man. 
The two systems are in continuous activity. All organs which they 
both innervate usually are maintained in a state of balance or equi- 
librium. With a change in stimulation, the first reactions are usually 
among the thoracico-lumbar group. The nerves of this group, which 
you have seen to be hooked up together anatomically, respond more 
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often than not as a unit. Furthermore, they respond to almost any 
kind of stimulation, but are particularly sensitive to stimuli we 
refer to as “ noxious ”. Since these noxious stimuli are believed by 
some authors to constitute the bases for our social motives, desires, 
and wishes, it is not unexpected that these nerves are brought 
shall see later, when we come to 
that it is primarily this group of 
understanding of emo- 


into play by desires or wishes. We 
the study of emotional behavior, 
nerves which constitutes the basis for our 
tional excitement. 

Chemical Characteristics of the ANS. All ANS nerve fibers lib- 
erate chemical substances at their terminal endings and the organs 
they stimulate are reactive to these chemicals, whether from the nerve 
fiber or from the blood stream. Nerve fibers of the cranio-sacral sys- 
tem are reactive to acetylcholine and they liberate the same or a 
similar chemical. Thus, such a chemical substance in the blood will 
serve to mimic parasympathetic activity. Furthermore, there is evi- 
dence that at least one of the major nerves of this group (the vagus) 
ration of insulin from the islet cells of the pancreas 
manner the responses of organs un- 
investigator, as a result of this 


stimulates the libe 
which in turn, facilitates in some 
thetic innervation.” One 


at we speak of the 
£ sympathetico-adrenal system.” There is 


der parasympa 
evidence, suggests th 
he would contrast it with a ` 
cation for this point of view as we shall see. 


tic system also liberate chemical sub- 
Ithough the preganglionic fibers 


“ vago-insulin system“; and 


some justifi 
The fibers of the sympathe 


stances at their terminal endings 
of this system are reactive to and liberate acetylcholine, the post- 


rs, for the most part. liberate another chemical which 
phrine secreted by the adrenal medulla. This 
chemical substance is known as sympathin, and it is believed that two 
(E). excitatory, and (I), inhibitory. They are re- 
ferred to as sympathin E and sympathin I. It is known also that al- 
most all of the organs stimulated by sympathetic fibers are reactive to 
epinephrine or norepinephrine in the bloodstream. You may see, 
then, that we have in this group of nerves and end organs the possi- 
bility for unified integrated action in terms of both anatomical and 
chemical characteristics and that there is good evidence for the use 


of the term “ sympathetico-adre 
VFunctions of the SNS. Ina desc 
it will be of value if you think ofa 


fear. How do you feel when you are alt 
r heart pounding and racing, your 


y sweat profusely. Your digestion 


ganglionic fibe 
is similar to the epine 


forms of it exist: 


nal system.” 
ription of this branch of the ANS, 


particular pattern of behavior, 
aid? Your mouth goes dry, 


your pupils dilate, you feel you 
hands and feet become cold and the 
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Stops, or at least is interfered with and you may feel a lump or “ but- 
terflies ” in the stomach. Many other things happen and Table 17-1 
presents a list of most of the functions affected. Fear is the best ex- 
ample we can give you of the effects of these sympathetico-adrenal 


Table 17-1. Some Prominent Facilitative and Inhibitory 
Autonomic Functions 


Structure PNS Effect Function SNS Effect 
Iris + Constriction = 

Eyes Lens + Accommodation = 
Lacrymal glands + Tears —(?) 
Nasal mucosa + Secretion, dilation FA 
Salivary glands — Salivation — (5 
Gastro- intestinal tract + Peristalsis = 
Stomach glands + HCl, pepsin, and mucus 0 
Pancreas (islet cells) + Insulin 0 
Heart (rate) — Acceleration + 
Lungs (bronchia) — Dilation H 
Adrenal medulla 0 Adrenaline F 
Peripheral blood vessels g Vasoconstriction se 
Sweat glands 0 Sweating + 
Pilomotor cells 0 Piloerection + 
Internal sphincters | 

Bladder = Contraction + 

Intestine 
Bladder wall ) 5 Contraction — 
Lower bowel 
Genitalia + Erection 


Note: In the table (+) indicates a facilitative effect and (—) 
that the upper portion of the table emphasizes facilit 
Parasympathetics, that the bott 
effects, and that the centr 


an inhibitory effect. Note 
ative effects of the cranial 
om portion separates the sacral parasympathetic 
al portion emphasizes sympathetic facilitative effects. 

functions of our body. Practically 
tions also can be elicited by the 
bloodstream; but one m 
is little 


all, but not quite all, of these func- 
injection of whole adrenalin into the 
ajor difference is th 
increase in perspiration, 
secrete because they 
fibers. 


at under adrenalin there 
whereas in fear the sweat glands 
are directly innervated by sy 
The difference is explained by 
that innervate the sweat glands are cholinergic (i.e., 
tylcholine-like effects) and most sweat glands the 


tive to adrenergic substances (i.e. 
effects). 


mpathetic nerve 
the fact that most of the fibers 
producing ace- 
mselves are insensi- 
a substance with adrenalin-like 
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Table 17-1 and the back-plate figure, studied together, will give a 
better understanding of automatic function than could pages of read- 
ing. We shall emphasize certain characteristics, however, and 
begin by completing the autonomic picture of fear. Your mouth be- 
comes dry because what little saliva is produced is thick or viscous. 
Your pupils dilate, not only because of inhibition of the circular 
smooth muscles of the iris, but due to active contraction of another 
group of radial muscles under control of the SNS. Your heart not 
only increases its rate but its output per beat and, with the constric- 
vessels in most portions of the body, there is 
sure and some of the blood is shifted to your 
n, of course, is what makes 


tion of peripheral blood 
an increase in blood pres 
muscles. The peripheral vasoconstrictio 
you pale and makes your skin cold, and you feel this most in the ex- 
tremities of the body. The increased sweating is confined largely to 
the palms of the hands, the soles of the feet, the arm pits, the groin, 
and in some people the forehead and upper lip. These are the so- 
called “ emotional sweating areas ”; and they differ from the “ heat- 
regulatory sweating areas,” which respond predominantly to high 
bodily or environmental temperatures.“ . 

In these patterns of sweating we have one definite indication that 
the SNS does not always act as a unit. Another indication is in the 
pilomotor response. Although “ goose-flesh,” as you probably call it, 
with erection of the hairs (piloerection) may occur during fear, it is 
much more prominent when we are cold. That the SNS does not al- 
Ways respond as a unit, even though we emphasize its mass action 
tendency, is of signiſicance in the study of emotional behavior. We 
shall refer to it again in Chapter 21. 5 

Other definite effects occur in fear. Epinephrine is liberated in 
marked quantities and not only induces a prompt liberation of blood 
Sugar from the liver but circulates in the blood stream and reinforces 
most SNS effects. The passages in your lungs (bronchia) dilate and 
the membranous linings of your nasal passages (nasal mucosa) con- 
tract and reduce their secretion, so you can breathe more freely —a 
fact that is easily noted if you have a cold or are asthmatic. Also, you 
breathe more rapidly, your eyes become dry eae adapted 5 
far. vision, and your digestive processes are arrested: rier e ular 
contraction (peristalsis) in the entire gastro-intestinal tract 1s 5 
hibited. Note, also, that contraction of the bladder wall and bowel is 
inhibited and the internal sphincters or rings of smooth muscles at 
the outlets of the intestine and bladder are contracted. These condi- 
tions set the stage for retention of urine and fecal matter, not for 
evacuation, We shall consider later how one may explain the defeca- 


i 1 z $ re re rte rine fear. 
tion and urination that sometimes are reported during fear 
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It will be apparent to you that most of these SNS effects prepare 
your body for vigorous action, prepare you to escape from the source 
of your fear, or to give battle if necessary. Therefore, many authors 
consider that the SNS is primarily involved in preparing organisms 
to respond in emergencies. This concept is acceptable if one is care- 
ful to use the term “ emergency ” in a very broad sense. For example, 
other stimuli that throw the SNS into more or less mass action are ex- 
tremes in temperature, hunger, exercise, pain, or bodily injury. It 
should be emphasized, however, that the SNS is in a continuous state 
of low-level activity opposed by, but in balance with, the PNS; and 
its activity is increased by almost any change in stimulation. Ready 
examples of this latter statement are found in measurements of blood 
pressure, peripheral blood volume, or galvanic skin reflexes (GSR) 
which indicate minute increases in sweat secretion. 

Functions of the PNS. In preceding paragraphs we have seen that 
the SNS has extensive anatomical interconnections and that, by its 
stimulation of the adrenal medulla and the resultant secretion of 
epinephrine, its effects are facilitated chemically. There js good rea- 
son, then, to speak of a sympathetico-adrenal system. There is less 
reason, however, to speak of a vago-insulin system, or even ofa 
sympathetic nervous system. It makes more sense 
sympathetic effects as brought on by individual re 
nerves which have something in common 
cally and which, under certain conditions, 
less at the same time. One 


para- 
to consider para- 
flexes of a group of 
anatomically and chemi- 
seem to respond more or 


of these conditions seems to be SNS 
tivity itself, and it is possible that such integr 


shows is under the control of the hypothal 
lating, however, that the vagus-insulin rel 


ac- 
ation as the PNS then 
amus. Evidence is accumu- 


ationship is comparable to 
the sympathetic-adrenalin relationship. It 


has been shown, for ex- 


ample, that insulin secretion is increased under vagus activ 


in turn, seems to facilitate in some manner the effects of y 
lation and even the effects of other cranial ne 
a chemical integrating factor represe 
needs to be done before we can spe 
as we can of those between the 


ity and it, 
agal stimu- 
ves. Perhaps there is 
nted here; but much research 
ak of its relationships as definitely 
SNS and epinephrine, 
There is no single example in ordinary beh 


avior patterns that will 
serve to illustrate general p 


arasympathetic activity, but the patterns 
of presleep and sleep approach it. Table 17-1 shows the pattern. The 
pupils of the eyes are constricted, there is continuous secretion from 
the tear glands and the nasal mucosa (witness the eye- 
nose-blowing upon awakening), and freque 
the continuous sec retion of saliva, Perist 


wiping and 
Nt swallowing indicates 
alsis is continuous (and may 
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even result in rumbling noises) , the heart and respiration rates are 
slow, the blood-pressure low, the bronchia of the lungs constrict and 
may make breathing more difficult, and hydrochloric acid is secreted 
by the stomach as any sufferer from stomach ulcers can attest. Before 
bladder and bowel training, defecation and urination are more fre- 
quent than when awake, and in those children with whom difficulty 
is experienced in training, most of the difficulty occurs during sleep. 
Furthermore, spontancous erections during sleep are common among 
healthy males, and similar tissue changes probably occur also in the 
female. The pattern, for the most part, is seen to be one of conserva- 
tion of energy. How much of it is attributable to increased parasym- 
pathetic stimulation and how much is due to decreased sympathetic 
stimulation is a question that will not soon be answered. At least it 
rn of relative parasympatl 
may help you to remember the major parasympathetic effects. 

A number of examples illustrate that local reflexes are responsible 
for many parasympathetic effects. We cite a few of them: food-taking 
produces increased salivation, peristalsis, and HCL. secretion; a deep 
inspiration causes slowing of foreign matter in the eyes 
brings tears; a full bladder or 
hibition of the sphincte 
stimulation induces erec 
Nomenon brought about by vasodilation. S 


are also to be found among the sympathetic nerves, of course, but 
while for the parasympathetic nerves they 


s exist in the PNS, then, we 


demonstrates a patte etic dominance and it 


the heart; 
bowel elicits contraction of the muscu- 
rs, with resultant evacuation; 
tion in the genitalia, a phe- 
ome such separate reflexes 


lar walls and ir 
and local tactua 


there they are exceptional: 
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Since the turn of the century a number of authors have spoken of 
individual differences in autonomic functions. Some employ the term 
vagotonia for apparent parasympathetic dominance, because of the 
major influence of the vagus nerve in this system; while they speak of 
sympatheticotonia to indicate apparent sympathetic dominance. The 
terms are not very good ones, however, for they disguise relative dif- 
ferences in balance and they emphasize extreme types that seldom 
exist. These facts account in part for the lack of success of early in- 
vestigators in their attempts to measure vagotonia and sympathetico- 
tonia. Interest in the possibility of finding and measuring differences 
in ANS function has persisted, however, for at least two reasons that 
concern us: (1) their possible relationships to personality and (2) 
their possible relationships to mental and Psychosomatic disorders. 
Considerable research is being conducted in this area today. 

It is possible to measure individual autonomic differences in two 
Ways: (1) relative balance in a resting state and (2 
reactivity. The attempts to measure relative autonomic balance in the 
resting state have usually employed numbers of subjects and many 
autonomic functions, and then have attempted, by statistical meth- 
ods, to find some combined scores to represent ANS function. Since 
most of the autonomic functions that have been measured are in- 
nervated by both the SNS and PNs, it is to be expected that only one 
autonomic score is to be found and that measurements of it for a 
particular individual will show only his position in relation to the 
rest of the individuals on whom the study was based. It will show how 
much he deviates from the mean score for the group and the direc- 
tion of the deviation. If we consider the mean score to represent au- 
tonomic balance in a population, then a deviation jn one direction 
might be called “ relative apparent sympathetic dominance ” and a 
deviation in the other direction might be calleq “ relative apparent 
parasympathetic dominance.” This, then, is a statistica] concept of 
autonomic balance, as contrasted with the Physiological concept of 
autonomic balance, i.e., homeostasis, or physiological equilibrium. 

In one statistical study in which autonomic Scores were obiained, 
the distribution of scores for a group of 84 school-age children was 
found to be approximately normal. (Cl. Fig. 17.1) Thus, about the 
same number of children showed sympathetic dominance as para- 
sympathetic dominance; but extreme children in the former group 
were found to be easily excited to emotional behavior While extremes 
at the parasympathetic end of the distribution were More calm. Simi- 
lar scores have been obtained for aviation cadets ° ang there, too, the 


Ted with this stand- 


) patterns of 


distribution was approximately normal. As compa 
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ard group other groups of adults appear to be different in ANS scores. 
For example, psychotics,“ patients with tuberculosis,’ individuals with 
psychoneurosis of the anxiety type, those with asthma, and those who 
were returned during the last war with the diagnosis of operational 
fatigue,” * all have been found to demonstrate a relative dominance 
of SNS activity. Whether this is a causal factor or a result of their 
disorders is not certain, but there is evidence that both interpreta- 
tions are valid. In other words, it would seem that relative SNS domi- 


nance, whether inherited or ac- 
quired, will predispose a per- 
son toward emotional excita- 
bility and even mental abnor- 
mality or physical disorder; 
and, likewise, those conditions 20 
will facilitate relative SNS 
dominance. We shall discuss 
some of these problems in 


30 


10 


Chapters 22 and 24. 


Patterns of autonomic bal- 
ance do not tell the whole 50 55 60 65 70 75 80 85 90 A Raw Scores 
Story, however, and must be 19 27 34 42 50 58 66 73 81 AT Scores 


i IG. 17.1. Frequency distribution of 
Supplemented by measures of FIC. 17-1. quency ibutio 
mean estimates of autonomic balance 


A ae For a 
NS reactivity. For example, (A) for 87 children 6 to 12 years of 
Some persons who show more age: 


or less normal autonomic bal- 
ance scores are found to be markedly deficient in SNS reactivity, 


while others demonstrate hyper-reactivity to stressful stimuli. Some 
on in heart rate, others in blood pressure, 
and still others in sweating-’ The significance of such individual dif- 
ferences is not yet understood but is the object of much research. 
Recent studies indicate that they are important in deciding on the 
type of treatment in insanity,® in psychoneurosis," and in cancer; 2% 
and their probable relationship to emotional behavior will be dis- 
cussed in Chapter 21. Figures 17.2, 17-3, and 17-4 will give you some 
understanding of the methods used to study autonomic activity in 
man. We shall give further attention later to the significance of such 


© 


show their greatest react 


research. 
Parasympathetic Overcompensation. One of the characteristics 
of the ANS which is often neglected is its tendency to demonstrate a 


phenomenon that might be called“ overcompensation. The SNS is 
the system that seems to go into action first following any intense 
stimulation and the PNS apparently serves to counteract, or to com- 
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FIG. 17.2. The record- 
ing room of a labora- 
tory at the Department 
of Psychology, Univer- 
sity of California at Los 
Angeles, designed to in- 
vestigate autonomic re- 
sponse patterns. The 
twelve pen-motors are 
activated by cleven Off- 
ner and one special 
amplifiers. At the far 
right is a Gilson auto- 
matic blood pressure re- 
corder. Beside it is a 
tape recorder which, 
with the intercommuni- 
cation speaker above, 
provides information on 
verbal responses of the 
Fig. 17.8). (Photograph by 


subject, who is in a room beyond the window (see 
Dr. William Calvert.) 


FIG. 17.3 
an elect 


A subject in 
cally shielded 
room adjoining that 
shown in Figure ı 


Forehead electrodes are 
for an electromyogram, 
thermistors are taped 
to the right cheek and 
middle left finger to de- 
tect skin temperature, 
and the tube in the 
mouth withdraws saliva. 
Also visible are the 
blood pressure cuff and 
microphone on the 
right’ arm: the strain 
S#uge which detects res- 
piration; a cup on the 
left forefinger lor re- 


hold electrodes to the palms of 
the hands for skin resistance measurements; on the left arm one of two elec- 


trodes for detecting heart Potentials: and the camera which records pupillary 
diameter, (Photograph by Dr. William Calvert.) 


cording blood volume changes: the straps which 
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pensate for, this increased sympathetic activity. In some persons, pr 

sumably those who possess strongly reactive parasympathetic 5 
tems in part or totally, the activity of this system not only com- 
pletely compensates for the increased sympathetic activity but, upon 
. may overcompensate. This phenomenon is well illustrated 
by the following example. It will be referred to as parasympathetic 


overcompensation. 
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laboratory shown in Figures 17.2 
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3. Chart spee 

Signal line (signals indica 
dental information, such a 

(2) Palmar skin resistance. measured in units of 101 

(3) Electromyogram, forearm flexor muscle potentials; 

(4) Electrocardiogram, the electrical potentials of the heart beat; 

(5) Electromyogram, forearm extensor muscle potentials: 

(6) Leg plethysmogram. indicates blood volume changes in leg: 

(7) Skin temperature — finger. axilla, and face (intermittent samples); 

(8) Respiration, as measured by an electrical strain gauge: 

(9) Cardiotachometer, a me ; rity in the heart beat: 

(4% Ballistocardiogram, a rough measur he stroke volume of the heart: 

indicates blooc 

remotely 

lowed. 


asure of irregula 
eof t 
volume changes in finger: 


n, 
detecting the movement of 
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(141) Finger plethysmog 
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(2) Stomach contractions. obtained by 
a small magnet which the subject has swal 


270 Autonomic Functions 


John was a slender, ten-year old boy, who had demonstrated over a 
three-year period one of the lowest scores on the scale of autonomic bal- 
ance to be found in a group of eighty-four children. He showed all the 
signs of chronic hyperactivity of the sympathetic nervous system: a fast 
heart, a high blood pressure, a dry mouth, perspiring hands, etc. The ex- 
perimenters who were making annual measurements on this group of 
children had come to expect John to show this kind of physiological pat- 
tern at each measurement, and so were greatly surprised when, at the 
occasion of one annual examination, he showed just the opposite kind of 
pattern. His heart was slow, his blood pressure was low, the palms of his 
hands were dry and showed high electrical resistance, and he demon- 
strated a copious salivary flow. It was noticed that John had a bandage 
on his head and the discovery was made that he had had an accident on 
the way to the laboratory. One of the doors of an automobile in which 
he had been riding had not been securely fastened and he had fallen out. 
The car had been going slowly at the time of the accident and, in the 
opinion of the driver and the physician, John had not been seriously in- 
jured but he had demonstrated intense fright. The accident had occurred 
approximately one hour before the measurements described above. 

John was returned to the | 


aboratory in late afternoon of the same day 
for re-examination, at which 


time it was. discovered that his characteristic 
Pattern of apparent sympathetic dominance had been re-established. Pre- 
sumably, his intense fright in the morning had been followed by rather 
general overcompensation on the part of the parasympathetic system and 
his measurements thus showed a marked parasympathetic dominance. By 


the late afternoon his typical physiological pattern had been re-estab- 
lished. 


There are many forms of parasympathetic function which occur 
with excitement, but excitement is 
activity. For example, fainting typically occurs in some people when 
dle stuck into the arm, or when 


but fainting involves decreased blood pres- 
sure. Asthmatic attacks typically 


a parasympathetic function. 
All of these seemingly anomalous forms of reaction become ex- 
plainable if we interpret the 


m as sequelae of emotional crises, rather 
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than as a part of the original emotional pattern. As a manifestation 
of parasympathetic overcompensation in individuals with differen- 
tially organized autonomic nervous systems, they no longer appear 
as chance reactions. Perhaps patterns of defecation and urination 


with emotional behavior may also be construed as examples of tem- 


porary overcompensation. 
The Conditioned Response and Autonomic Functions. 
probably have learned about the conditioned response in your study 


ysychology and know that almost an stimulus can 
psy 8 y 
er conditioning. The 


n terms of an ANS 


You 


of introductory 
come to elicit almost any bodily response, aft 
nditioning were first described i 
vation; and many ANS responses have now been 
respiration changes, the galvanic 
pilo-erection, pupillary con- 
s have demonstrated that 
and vasoconstriction may be brought under 
e laboratory. through an involved process of 
enomenon occurs when we 
liva rush into our mouths. 


But the implications of ANS conditioning often go unnoticed. Ac- 
tually, these phenomena are with us in our day-to-day life and they 
account for many of the differences in our behavior. When a newly 
wed returns home after his typical hard day at the office, the sight 
of his bride quickens his pulse, alters his respiration, and releases a 
bit of epinephrine; but he usually does not get stomach pains. Years 
later, if his marriage has been an unhappy one, the sight of his wife 
still may give him the “ shot’ but the rest of the pattern 


has changed; his stomach now 


principles of co 
response, i. e., sali 
conditioned in many experiments: 
skin response, changes in heart rate, 
striction, and so on. Some experimenter: 
pupillary constriction 
voluntary control in th 
conditioning, and much the same ph 


think of a lemon or a pickle and feel the sa 


’ of adrenalin, 
may contribute an extra “ shot” of 


hydrochloric acid to irritate his ulcer a bit. These phenomena are 
conditioned responses of autonomic functions; and they are related 
to emotion and to physical disorders. We shall have more to say of 
them later. For the present remember that we differ in our auto- 
Nomic responses to certain stimuli. Differential conditioning explains 
Some of those differences: nably are inherited, or ac- 


quired before we are born. 


others presul 
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18 | The Organization of 
Movement 


We discussed the reflexive and tropistic aspects of overt behavior in 
Chapter 16. As pointed out there, behavior consists of a good deal 
more than a chain of elementary reflexes. We shall now consider the 
more complex problems of movement, beginning with a discussion 
of the CNS structures involved, followed by a consideration of the 
origins of coordination — whether innate or learned, 

When we considered reflex 


it was convenient to start with the 
spinal cord and proceed step by step to higher centers. This approach 
is justifiable because reflexes must be studie 
and the simplest cases represent the greate 
such an approach will not do for our pre 


d by means of analysis 
st degree of analysis. But 
sent topic. In mammals in 
general, and especially in man, encephalization has progressed to 
such an extent that the normal function of any CNS structure can be 
understood only when it is considered in its inter-relations with the 
cerebral cortex. The cerebellum, the corpus striatum, the thalamus 
—all these and more must be understood in thei 


Ir relationship to 
the cerebral cortex. Consequently, our first consideration will be the 
cerebral cortex. 


Tue CEREBRAL Cortex 


Tt has been known since 1870 that electrical stimulation of the 


cerebral cortex can lead to movement. Although it was thought that 
movement could be elicited only from stimulation of the so-called 
motor area, area 4 of the diagram in F gure 18.1, it is now known 
that such is not the case. Area 6 in our diagram (the premotor area) 
area 8, and others yield movement. Such results provide evidence that 
many, perhaps most, portions of the cerebral cortex give rise to out- 
going, motor nerve fibers. Whence these come and where they go 
will claim our first attention, 

Pyramidal and Extrapyramidal Tracts, or 
reads of the pyramidal and extr 
272 


Systems. One often 
apyramidal motor systems. At one 
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time chey were thought to be quite distinct and different in organiza- 
tion, with the pyramidal system the sole mechanism of yanas 
movement. Although derived from a fairly specific and limited defini- 
tion — namely, those fibers found in the pyramids — the term 


pyramidal ” has accumulated a good many supplementary implica- 


tions, many of th 


em quite wrong. We shall adhere to the simple 


definition. The pyramids are simply the place at which the huge 
S 


motor tracts, whi 
side of the CNS to the other. 
The pyramids are distinctly vis- 
ible on the ventral surface, as 
shown in Figure 18.2. The fi- 
bers in these tracts arise from 
many areas of the cerebral cor- 
tex, not solely from the motor 
area (area 4). Fibers in the 
pyramidal tracts end in motor 
nuclei in the brain stem and 
spinal cord. There is consider- 
able evidence that most do not 
end on motor neurons, but rath- 
er upon intermediate neurons 
which in turn synapse with mo- 


tor neur 1 
or neurons, Although most fiber: 


laws) at s 
evel of the pyramids, a sm 
fe 2 

ross later in the spinal cord. 


All motor fibers outside the py" 
extrapyramidal. To assume that 
group of tracts would be utterly fa 
discuss several “ extrapyramidal A 
SO you will see quite clearly the j 


The Motor Area (area 4)- 
largely in the pre-centr 
edly mapped by means of el 
very precise technique, to arous 
tion of this area. If we utilize 


area j 
rea in terms of the muscles arouse 


Figur i 
igure 18.3 results. Not shown 1$ the | 
that is. stimt 


tio 7 
n are largely crossed; 


brain gi : 

ain gives rise to movements on the 

ver 5 8 

1 It will be seen from the maļ 
upside down,” so that the head ar 


s in the pyr 
all percent do not, a 


* 
The classical motor area, located 


al gyrus, has been ve 
ectrical stimulation. 
e a sing 
this information to map 


ch we shall call the pyramidal tracts, cross from one 


6 45 Central 
sulcus 
88 \ i 1 /3 


loterol“ 
fissure 
FIG. 18.1. Lateral surface of the left 
cerebral cortex showing the areas most 
directly concerned with movement. 
amidal tracts cross at the 
Ithough some of these 


amidal tract are called, collectively, 


this term covers a homogeneous 
Hacious. We shall have occasion to 
systems and when we have done 
istice of the above sentence. 


TY carefully and repeat- 
It is possible, by 
le muscle by cortical stimula- 
the motor 
d through stimulation, the map of 
ract that the effects of stimula- 
dation of the left side of the 
right side of the body. and vice 
> that the representation is also 
ad arm areas are toward the ven- 
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tral part of the cortex. It will also be seen that the size of the cortical 
area concerned with a given muscle is related to the fineness of move- 
ment possible in the muscle rather than to sheer bulk of muscle. 
7 inge specially humbs are much more heavily 
Thus, the fingers and especially the t 


represented than the legs or the trunk. In actual experimentation, a 


i 
2 
$ 


FIG. 18.2. 


Diagram of ventral surf: 
labeled “ medulla oblongata,” 


ace of the cerebrum. 


The pyramids arc 
of which they are a part. 


(From Kuntz.1) 
good deal of variability is found with repeated stimul 
even a sharply circumscribed stimulus probably influen 
large number of intermingled cortical neurons, the pre 
stimulation will depend upon a number of factors 
the effects of previous stimulation, the intensity 


the time relationships between successiv 
The removal of ar 


ation. Since 
ces a rather 
cise effect of 
among which are 


of stimulation, and 
e stimuli, 
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based upon the development of greater control by the neurons re- 
maining after the operation. In any event, one must be careful to 
note that area 4, the classical motor area,” is by no means the sole 
point of egress from the cortex of nerve fibers concerned with volun- 


tary movement. 

The premotor area (area 6). 
ment by stimulation of the premotor are 
Motor area. Their relative loca- 
tions are shown in Figure 18.1. 
Despite the difference in excita- 
bility, it is not at all clear that 
the organization of the two are- 
as is distinctly different. Remov- 
al of both areas, for example, 
leads to more severe symptoms 
than removal of area 4 alone. 
However, it is usually believed 
that area 6 is concerned with 
more widespread, postural types 
of response than those mediated 
by area 4. In any event, there 
seems little reason to doubt that 
arca 6, as well as area J. gives 


It is more difficult to arouse move- 
a than by stimulation of the 


FIG. 18.3. Motor area of man as de- 

termined by electrical stimulation. The 

ee > : arts shown in the homunculus are 

rise to fibers i > pyramidal PT” > 

iat fibers in the Bye ` those aroused by stimulation of the 
act and to fibers in the extra- gigen cortical area. (From Penfield and 

Rasmussen.*) 


Pyramidal system. 
Other cortical motor areas. 


reviously, motor fibers arise from many corti- 


As we have indicated p iron Dias 
cal areas other than 4 and 6. There is a heavy contribution from the 
somesthetic areas (1, 2. and 3), and from the so-called association 
areas, Thus, nearly the entire cerebral cortex is most intimately con- 
cerned with the control of movement. Understanding of this must 
Wait for our discussion of the relationship of the cortex to other CNS 


Structures. 

Cortical suppressor areas- It has been four 
Certain areas of the cortex — those labeled 2s, 
Figure 18.1, as well as others not visible in a later 


rise to a reduction rather than ase in activity 5 ; 
areas, At the same time, there may be a general relaxation of the 
skeletal musculature. This phenomenon has been termed suppres- 


Ston, Such suppression seems always to involve “ loops through sub- 
er discussion of these loops will be in- 


ad that stimulation of 
4s, 8s, and 19s in 
al view — will give 
in other cortical 


an incr 


aia oe i 
ortical structures and full 
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cluded when we discuss these other centers. However, it is proper to 
inquire at this point concerning the functional significance of sup- 
pression. In the first place, it is possible that the whole phenomenon 
may be an artifact of method, but we feel that the discovery of sup- 
pression from subcortical stimulation in certain centers lends plausi- 
bility to the cortical observations. Assuming the validity of suppres- 
sion, it seems most likely that 
it is basically a homeostatic 
mechanism. If this is so, then 
suppression helps to smooth 
out the ups and downs of cor- 
tical activity, whether in small 
detail, as in controlled move- 
A ment, or in general, as when 

B Poa severe pain arouses the sup- 
FIG. 18.4. Facilitatory and inhibitory pressor areas and reduces cor- 
areas of the cat brain stem projected tical response. Needless to say, 
on a longitudinal section of the brain 
pin „ lacking in detail. But it does 
have the advantage of bringing 


this idea is speculative and 


cortical activity into line with other 


aspects of homeostatic activity 
in that balance is achieved through th 


e interplay of opposing forces.* 


SUBCORTICAL STRUCTURES 


The Reticular Formation. The 


reticular formation is a rather 
diffuse column of se 


attered clumps of sray matter lying in the brain 
stem, as shown in longitudinal section in Figure 18.4. The lower por- 
tion, marked with a minus sign (—) in the figure, is a link in the 
system starting with area 4s which suppresses muscular activity. This 
is an example of a subcortical suppressor area. It works in close as- 
sociation with the cerebral cortex. The rest of the reticular forma- 
tion, labeled with a plus sign (+) in the figure, is facilitatory and, 
also, has very important functions in relationship to wakefulness or 
alertness which will be discussed under those headings. In the realm 
of movement, we may note that the pyramidal tracts arouse the re- 
ticular formation and so this structure 
cortically initiated movement. 
tibular nuclei, it contril 
lar formation will h 


contributes to the energy of 
Also, through the influence of the 
utes to muscle tone. 
ave consequences which de 
— suppressor or facilitatory — affected. 


Lesions in the reticu- 
pend upon the region 


Subcortical Structures 277 


RES Corpus Striatum. The corpus striatum, as indicated in 
0 585 3, comprises the ventral and lateral portions of the cere- 
dra a ic arog rl a Cortex 1 1 

al hemispheres, although the cortex has so enlarged as to hide it 
completely from sight. Electrical stimulation of the corpus striatum 


in the resting animal leads to few observable effects. It is extremely 
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Pallidus Nigra 


Recticulor Formation 
of Medulla 


Cortical Spinal (Pyramidal) 
Tract 
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1 of some of the 
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yetween cortex 


FIG. 18.5. Di: 
particularly the 
Ruch. 


circuit ” l 


the cerebral cortex act very much as a 


riatum being the smoothing out of corti- 
ffects of injuries to the 


since the results seem 
his smoothing 
triatum pro- 
negative. 


likely that the striatum and 
Single unit, the role of the st 
cally initiated activity. Obse 
striatum lend considerable we 
to depend upon the release of c 
influence. The neural connection 
Vide an elegant example of a feedback loop — in this case, 
The striatum receives fibers from as of the cortex 


and se À 
d sends fibers to the thalamus 
5 of the cortex 


rvations of the e 
ight to this view, 
ortical activity from t 
s between cortex and s 


the suppressor are 
al nucleus), which in 


(ventral later: 
(Cf. Fig. 18.5) Inter 


tur > x 
rn sends fibers to areas 4 and ¢ 
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rupting this loop gives rise to the release of the cerebral cortex with 
various symptoms of increased activity of the muscles, such as tremors 
and the circular movements af choreoathetosis. 

The Cerebellum. The mammalian cerebellum acts almost entirely 
interdependently with the cerebral cortex, but it has no direct in- 
fluence on the final common motor path. The cerebellum receives 


A 


Aree 


- Cerebral cortex 


Thalamus 


----- Red nucleus 


|-—Dentate nucleus 
of the cerebellum 


Pons 
-— Cerebellar 
cortex 


FIG. 18.6. 


Diagram of the motor rel 
bral cortex. 


ationship between cerebellum and cere- 


fibers from the various sensory systems and from the cerebral cor- 
tex. It sends fibers to the cerebral cortex and to Various subcortical 
motor structures. The relationship to the cerebral cortex is illus- 
trated in Figure 18.6 and is obviously of a feedback nature. The 


more primitive functions of the cerebellum have been mentioned in 
Chapter 9. 
The motor function of 3 i i 
of the cerebellum is enti 
s rely on gth- 
ening and smoothing, since c 5 N 
g 8, since complete loss of the cerebellum weakens 
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but does not destroy movement. Injury to the cerebellum will pro- 
duce loss of muscle tone, tremor when movement is attempted, and 
crrors in the rate, direction, and strength of movement on the same 
side of the body as the lesion. These symptoms are most readily in- 
e as resulting from the release of the rest of the motor system 
from the smoothing and metering ” action of the cerebellum. 


Tur Moror SYSTEM AS A WHOLE 


_ In this chapter and Chapter 16 the important neural components 
involved in movement have been analyzed. It now becomes necessary 
for us to attempt to recombine them in order to understand their 
contributions to the stream of movement. This task is not made any 
: all of the structures probably are functionally 
active all of the time so that the control of movement at a given mo- 
ment depends upon a nice balance among a forbiddingly large num- 
ber of variables. Ordinarily, the nicety of this balance is not appreci- 
ated until something goes awry and so we depend in considerable 
amount upon the clinic for our information. There is a very general 
Principle, called Hughlings Jackson's Principle, which applies here. 
This principle states that the symptoms noticed when a given nerve 
e result of the release of the remaining cen- 
moved. If, for example, injury to 
ly increased muscular activity 


casier by the fact that 


Center is destroyed are th 
ters from the influence of the one re 
s to the strange 
shoreoathetosis, this activity must result 
from the positive contribution of centers now removed from the re- 
straining influence of the damaged structure. Such a view can have 
Very practical as well as theoretical significance. For example, if the 
xtreme spasticity (abnormally increased tone) of the muscles in 


such a condition as paralysis positive activity of 
s after damage to the corpus striatum, then 
king this positive contribution should al- 
at some other worse symp- 
removal of area 6 


t a r 3 
he corpus striatum lead 
een in such a condition as ¢ 


agitans is due to the 


be 
he remaining structure 


re P 
emoving the structure ma 
ays assuming th 


d. As a matter of fact, 
e severity of these symp- 


part, to the positive ac- 
training influence of 


leviate the symptoms — alw 
tom is not thereby produce 
(the premotor) of the corte 
toms; hence, the spasticity W 
tivity of a cerebral cortex Te 
the feedback normally present 

Our example leads us directly to an extreme 


alization concerning the way in which the motor s 
f al animal are at all times 


d from the muscles 


x does reduce th 
as due, at least in 
leased from the res 


from the striatum. 
ly important gencer- 
ystem works. This 


a the norm 


is A j 
that the organizing centers n 
ther centers an 


SU - 8 5 A 
Ipplied with feedback from ¢ 
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themselves. No motor center acts in isolation. Let us consider in 
more detail the particulars of this generalization. 

Feedback from Other Centers. We have called attention to the 
importance of return neural circuits to the cerebral cortex from the 
corpus striatum and cerebellum. These operate in such a way as to 
smooth, meter, and strengthen movements initiated by cortical ac- 
tion. Without these neural loops, movement gets out of control and 
jerkiness, tremors, over- and under-shooting, and the like are clearly 
observable. It may be useful to put these effects under two headings. 
First, the feedback loops serve to help in the gradual and unjerky 
initiation of movement. They provide a physiological “ fluid drive.“ 
which serves to restrain the effects of sudden changes in cortical 
motor patterns. Second, the loops serve to strengthen the effects of 
cortical patterns. They may provide a cascading link 
so that, instead of providing all of the innervation necessary for a 
given movement, the cortex can largely function by triggering a 
series of neural events which then provides the bulk of the neural 
discharge. These two aspects may seem contradictory, but they are 
not if one considers the timing involved, During the initiation of 
movement, the restraining influence is for 


age of neurons 


a short time dominant 
while the strengthening effect grows larger later. 

Feedback from the Proprioceptors. The fact that the receptors in 
muscles, tendons, and joints are of considerable importance has been 
pointed out in Chapter 9. We need only re-emphasize this point here. 
The motor centers are constantly informed of the events going on in 
the muscles and this information helps de 
of these centers. Consider the 
to lift the hand from an e 


termine the future activity 
experiment in which subjects learned 
lectrode at the sound of a buzzer. When. 
after learning, the hand was turned over and pl 
upside down, the subjects still lifted the 
despite the fact that lifting the hand now meant Moving it in exactly 
the opposite direction as far as the muscles themselves were con— 
cerned.* If feedback from the hand had not influenced the motor 
centers, this result could scarcely have occurred, 

Feedback from Other Receptors. Our statement of the example 
in the paragraph above did not call attention to another aspect of the 
situation, namely, that the skin receptors were also involved. Per- 
haps you will remember that we pointed out in Chapter 16 that cer- 
tain postural patterns were partly determined by the effects of pres- 
sure on the skin. These are examples of how touch ¢ 
condition movement. I 


aced on the electrode 
hand at the buzzer signal, 


an also serve to 
zut a very much more extensive generalization 


can also be made. Feedback loops can extend outside the organism, 
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an ry large proporti i i 

i d a very large proportion of the material relating our concepts ta 
ne field of motor skill is based on the study of situations in which a 

85 : are $ 

goodly proportion of the feedback comes from loops outside the or- 

ganis ider two childr ying i 

ganism. Consider two children playing tag. Let us say that Johnny is 


it” and Jimmy is trying to elude him. As Jimmy dodges, Johnny 


i 8 8 k = 
must immediately adjust his patterns of movement to keep “ on tar- 


get.” As Johnny adjusts, his spatial relationship to Jimmy changes, 
so he must adjust some more. At any moment, what Johnny does 
next depends upon the visual cues — the visual feedbacks — which 
he gets from keeping his eye on Jimmy. In formal terms, we can call 
the relationship between Johnny and Jimmy a feedback loop. In 
other terms, we may say that Johnny's behavior depends upon the 
visual information which he is getting. No doubt you can think of 
other examples, not only for vision but for other senses, especially 
hearing. 

The Role of Reflexes and Postural Patter 
Cussed reflexes and posture quite extensively elsewhere, we shall not 
ances here. It is important, however, to under- 


stand how these inborn patterns are integrated with the rest of the 
Motor system. In very general terms, we can point to two aspects of 
In the first place, the patterns of reflex action and 
en moment will affect the pat- 
terning of movement for the entire organism. Often this effect is 
1 of some activity to accommodate the position 
but sometimes, such as when a golfer 
ke precedence and lead to 


ns. Since we have dis- 


Consider specific inst 


this integration. 
Postural adjustment obtaining at a giv 
merely a modification 
of the body at a given moment; 
loses his balance, the reflex action will ta 

ce, the reflex and postural 


quite disastrous results. In the second pla 
Mechanisms within the organism will influence the way in which a 


given act is carried out. For example, some acts seem more natural 
than others and in engineering it is very important to design equip- 
Ment to take advantage of the natural movements of people. Also, 
the little details of integrated movement are taken care of reflexly. 
Patterns of walking, of maintaining balance, and so on, do not need 
Constant higher level attention but are best left to the postural 


Mechanisms. . 
The Control of Behavior. One may well ask why, if so many loops 
e should treat the control 


and structures are involved in movement. W t th 
all. Is not the complete description of the 
control of behavior? 


of movement separately at j 
Control of movement also the description of the 
of course, yes. But there is profit in 
he student but alse 


The $ Goal 
i he answer to this question ls. s 
aking material in chewable bites, not only for t 

1, therefore, to emphasize thosc 


fo > š 
T the scientist. We have endeavorec 
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aspects of control which are concerned most directly with the execu- 
tion of movement toward goals already set by prior processes in the 
organism. Our concern has been with how the patterning of move- 
ments is in general accomplished, rather than with the selection of the 
direction toward which the organism as a whole decides to go. 


Tue ORIGIN OF PHYSIOLOGICAL INTEGRATION 


A problem which has intrigued psychologists and physiologists for 
some time is whether the basic patterns of integration in the CNS, 
and the relationships between these CNS patterns and the periphery, 
are laid down as a product of inherent growth or are developed 
through learning. In the past, both extreme positions have been up- 
held by one or another theorist. Where one insisted that even the 
most elementary reflexes are learned, another contended that even 
very complex social patterns are inherited. As so often happens, this 
debate has been largely silenced by empirical research, and we can 
assert with some assurance that the basic CNS and reflex patterns are 
growth-determined, while complex social processes are largely prod- 
ucts of learning. 

Growth within the CNS. Considerable effort has been expended 
by physiologists in studying the Way in whic 
ticularly, why they should grow in one 
the growth of the CNS. When one re 
neurons there are, he is probably 
tions are so seldom badly scramble 
sends fibers to a given cortical 


h neurons grow and, par— 
way and not another during 
alizes how many billions of 
somewhat astonished that connec- 
d. A given nucleus of the thalamus 


area; the large spinal conduction 
tracts somehow establish connections with the proper thalamic nu- 


clei; and so on. Various lines of evidence now indicate that this is a 
matter of growth. The details are a matter of experimental embry- 


ology, far beyond our present concern. We may point to a few gen- 


eralizations, however. 

All neurons develop from the embryonic neural fold. This fold 
lies along the dorsal side of the embryo and soon forms a tube, the 
neural tube. This tube develops to become the CNS 
cells within it come all of the neurons of the bod 
neurons, called neuroblasts, send out 
axons and dendrites in mature ne 
migrate short distances. The 
chanical contacts — a me 


and from the 
y- These embryonic 
the ſilaments which become 
Tve cells. Also, to some extent, they 
growing filaments tend to follow me- 


mbrane, for example, or 
In addition to this tendency, there 


by chemical interaction betwee 


some other surface. 
must be extremely subtle control 
n the growing nerve filament and its 
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cnvironment. It is almost as though the flavor of the surroundings 
determines the specific ways of neuronal growth. Basic to both these 
control processes — contact and chemical — is the timing. The grow- 
ing tissues are in constant flux, and the proper growth of neurons 
must depend upon a considerable nicety of timing. As a result of 
these processes at least the grosser anatomical relationships are 
evidence from the behavior of salamanders kept 
more particular connec- 
activity depends are also 


formed, and there is 
under an anesthetic during growth that the 
tions on which reflex and other coordinated 
growth established. 
Growth of Connections 
a considerable amount of 


Between CNS and Periphery. Although 

experimental work has been concerned 
with the innervation of the periphery. the bulk of it has been done 
on amphibians (salamanders and frogs) and the results should not 
be expected to transfer directly to mammals. The use of amphibians 
has been dictated by their rather high potentiality for regeneration. 
For example, a frog’s eye may be excised, rotated through 180°, the 
severed ends of the optic nerve united, and then the optic nerve re- 
generates and the eye becomes functional! ° This experiment would 
fail in the mammal. It may be said, then, that the experimental zool- 
ogist uses the amphibian to study the processes of growth because of 
the great growth potential of even the adult, with the expectation 
that the results will be meaningful for other animals during their 
Normal growth process. Of course, even in the amphibian, regenera- 
tion is not limitless and at some stage of development most structures 
attain sufficient specialization to limit regeneration severely. 

The rotation of the eye in the frog provides a convenient example 
of one type of experimental result. This type we May call receptor 
determined,” and in this case the central connections are determined 
by the peripheral fibers. With the eye, this means that the fibers re- 
generating from the ganglion cells in the retina re-establish connec- 
tibns which were norna for them before rotation. The eye becomes 
functional, but the frog responds to stimulation in a manncr which is 
Now inappropriate, but which would have I 
Old position of the eye. A similar result is for 
the vestibular nerves. In the case of proprioce 
Very similar. The afferent fibers establish centra’ 
are appropriate to the muscle innervated. Thi € 
limb bud is transplanted to a n and supplied with nerves 
from an unusual segment. Somehow. 
to the nerve fibers ‘an individuality which deter 


Synapses. ° 


been appropriate to the 
ind following section of 
ption, the situation is 
al connections which 
s is true even if a 


ew posit ion 


the muscle innervated imparts 


mines their central 
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Another type of result which we may call “afferent nerve in- 
duced ” obtains for taste, even in mammals. Here, the afferent nerve 
fibers induce the formation of taste cells in the epithelium of the 
tongue. If a nerve serving taste buds is sectioned and permitted to 
regenerate, the associated taste receptor cells will degenerate and 
new cells will be formed when the regenerating nerve fibers reach the 
epithelium." 

When motor nerves are considered, the result is similar to that 
obtained with proprioceptive fibers — the muscle innervated deter- 
mines the central connections of the afferent fibers. In the salamander, 
a limb bud may be rotated 180° and supplied with unusual spinal 
nerves. After regeneration, the limb moves as it would have moved 
in its normal position — even though by so doing the progress of 
the organism is seriously interfered with. In other words, no learning 
has been involved; the muscle has induced the nerves supplying it 
to make central connections appropriate to the muscle, not to the 
over-all purposes of the organism. 

The Influence of Learning. If the result of research on 
ans can be generalized, we may say th 
organization of the CNS are genetically determined. One must pro- 
ceed with caution, however, Experiments by persons wearing eye- 
glasses which invert the visual field show that it is possible to learn 
new spatial relationships in vision which are reversed from the 
normal. Clinical procedures leading unusual nerves to paralysed mus- 
cles have been very successful, and the patient develops good con- 
trol. It is even possible, by proper harnesses, to give an amputee good 
control over an artificial arm, despite the fact that the muscular con- 
tractions involved are very remote indeed from the normal. In the 
usual case, shoulder movements of sm 
trol the locking and unlocking of the elbow, or the opening and clos- 
ing of the grip. The actual energy for the arm movements themselves 
is provided by springs Within the arm. After practice, the control 
movements become quite automatic. It is apparent, then, that the 
higher animals, particularly man, are a good deal more plastic than 


amphibians in the reorganization of CNS patterns. The limits must 
be established by further research, 


amphibi- 
at at least the basic patterns of 


all extent are utilized to con- 


THE CLASSIFICATION oF Movement 


In the first part of this chapter, we were concerned largely with 
physiology. It is now necessary to turn our attention to the analysis 
of motion from a more Psychological point of view. Here our prob- 
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lem is to develop ways of analyzing the movements of intact organ- 
isms which will permit us to classify like movements together and, 
thus, simplify the task of description. 

There are very many ways in which movements can be classified. 
We may distinguish between arm and leg movements, for example, 
or between movements involving the fingers and those involving the 
shoulder. Motion study in industry uses a classification which di- 
Vides any continuous act into “ therbligs,” examples of such com- 
ponents are transport loaded, transport empty, positioning, grasp, 
and so on. These are not very useful to the scientist since they do 
Not represent a consistent set of categories, even though they may 
provide a convenient shorthand for recording the movements made 


by workers. An even more serious objection is that therbligs are not 


really genuine components of movements — they do not provide a 


meaningful analysis. 
Kinesiology. a field o 
education, has attempted the an 
Tesults are of interest fron 
ticular muscles involved whe 
the analysis has limited psych 
has preferred ways of doing 
Movements than others, but th 


by the study of the organism as a whole. 
As a matter of fact, a really good analysis does not exist. The classifi- 


d in the next paragraphs is a very general one. 
ng attention to some important aspects of 
rwise be overlooked. It will be seen that 
ms of three sets of general criteria, and 


f investigation especially related to physical 
alysis of movement. In general, the 
a the point of view of joint rotations, par- 
is moved, and so on, but 
The organism probably 
present more natural 
liscovered best 


na given joint 
ological value. 
things which re 
ese preferred ways are d 


Cation to be presente 
but has the virtue of calli 
Movement which might othe 
Movements may differ in ter! 
these are outlined below. 


The Manner of Initiation. 5 
reflexly or voluntarily. FOr our purposes, a voluntary movement Is 


one which is not directly related to a particular external stimulus 
and which ordinarily can be announced beforehand by the mover. 
These terms thus represent the extremes of what is really a continu- 
Ous dimension. Some movements such as tendon jerks are at one ex- 
treme; going to the library oT other planned acts are at the other. 
This dimension is not a trivial one and it can be demonstrated that 
ments of the same muscles differ in 
reflex is faster than the voluntary re- 
cult to inhibit. After considerable 
tinized as not to 
lge that too care- 


Movements differ in being initiated 


Teflexive and voluntary move 
Due ways. For example, the 
Sponse and is very much more diff 
practice. voluntary movements may become so rou 
involve attention. In fact, it is commonplace knowle¢ 
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ful attention to one’s movements may upset them rather badly. Even 
a well-learned skill such as playing the piano from memory can dis- 
integrate under such circumstances. There is no evidence, however, 
that such well-routinized acts involve different nervous structures 
from acts which require attention. What is implied is that once a 
well-integrated set of neural patterns is established interference from 
competing patterns leads to upset of the precise timing necessary for 
smooth action. Unfortunately, very little information is available 
concerning the neurology of serial action and so we can say very little 
indeed about the nature of the interference. 

In the practical situation, some consideration must be given to the 
problem of making action as natural as possible. That is, it is de- 
sirable to find out what movements are toward the reflex end of our 
reflex-voluntary continuum. You can illustrate this point for your- 
self. Simply hold the two hands in front of you with the elbows close 
to the sides. Then try moving them from side to side as rapidly as 
you can in the same direction. Now move them in opposite direc- 
tions. The latter will seem easier. Indeed, one of the rules of efficient 
work is that the hands should move in Opposite directions simultane- 
ously. The general problem of naturalness of movement patterns is 
one which is challenging for future research. 

Muscular Balance during the Movement. 
classify movements into three categories depending on the balance of 
contraction between agonist and antagonist occurring during the ac- 
uvity. The first type we shall call fixed. Perhaps it will seeti 
to classify motionlessness as a form of movement, 
however, is not to mere relaxation, but to the 
through the fixing of a joint by 
ple example is the holding of 


It is convenient to 


m strange 
The reference here, 
maintenance of position 
active muscular contraction, A sim 
; a stick which you are engaged in carv- 
ing. Such movements will exhibit tremor and drift. In e fixed 
movements are rather tiring, and holding an object e i dune 
better with a mechanical appliance. In industry, an attem 8 is ordi- 
narily made to eliminate “ fixed movements“ where Se ts 5 

A second type of movement is called controlled. In : controlled 
movement, the agonist works against a load imposed by the oon- 
ist. Most movements are of this type. One reaches ae e 
hammer, or places a tool in position for work. This t 
ment can probably best be understood by Contrasting it wi he 
third, or ballistic type. In ballistic movement, . 
offered by the antagonist and the moved member swing: 
pendulum. In normal walking, the leg descri i 8s almost as a 


arta 8 Sa ballistic move- 
ment in its forward swing. In the purest Case, a ballistic t is 
2 movement i 


his pen, or a 
ype of move- 


little opposition is 
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initiated by a sudden contraction and the member continues under 
its own momentum. Needless to say, a pure ballistic movement is very 
rare, but movements partaking in part of ballistic characteristics will 
be found in skilled acts such as appear in sports or some manual 
skills. The proper technique of pounding nails approaches a ballistic 
Movement. The common error made by the amateur is to attempt 
to “steer” the hammer, which simply results in stiffening the arm 
with resulting loss in both strength and accuracy. The emphasis upon 
relaxation“ and “ follow-through ” to be found in athletic coach- 
ing bears upon this point also. Here the idea is to keep those muscles 


relaxed which are not participating in the act, while the follow- 
through is evidence that the desired selective relaxation has actually 
taken place. No one who has ever seen a really good golfer hit a drive 
Will ever believe that he is relaxed while he is doing it, and he is not. 
But only the proper muscles are contracted, and so he achieves free, 
ballistic-like movement. 

It is obvious that a great many, if not the overwhelming majority 
of, industrial jobs have no place for such “ free-wheeling ” move- 
ments. Controlled movements appear in various forms, such as posi- 
tioning, the setting of controls, filing, and many others. Also, one 
May distinguish between rectilinear and circular controlled move- 
Ments, as might occur in cranking; and between single and repeti- 
tive movements. Sometimes these movements are subject to control 
by visual feedback, sometimes they are not. A typical example of 
Control by visual feedback is what is called tracking. In a military 
Setting, this involves keeping a gun aimed at a moving target, and in 
the laboratory involves keeping a pointer centered on a wavy line 
Which is carried past a viewing window on a moving tape. Such ex- 
perimental conditions permit highly precise analyses of the time lag, 
rate of movement, and so on, of responses to various types of change 
in the line to be tracked. So far, however, these analyses have been 
rather restricted and lose significance in other than tracking situa- 
tions. 

The Manner of Termination. We shall consider three general 
Ways in which movements may be terminated. First of all, and most 
frequently, a movement is terminated by the contraction of opposing 
Muscle groups. One reaches for a pencil, lifts food to his mouth, or 
Points at an interesting object. In all these examples the motion is 
Stopped by muscular action. Such termination is also typical of the 
tracking movements which we discussed briefly under the previous 
heading. All of these examples are of controlled movements, but bal- 
listic movements are sometimes terminated in the same way. An ex- 
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ample would be properly struck octaves on a piano — the movement 
should be ballistic, but still terminate before the keys are crashed 
against the felt pads beneath them. Rapid repetitive movements such 
as tapping also can be of this nature. Th 
walking is a very familiar ex 
by muscular action. 

A second way 


e forward swing of the leg in 
ample of a ballistic movement terminated 


in which movements may be terminated is by the 
passive stretching of ligaments and muscles, 


really thorough-going ballistic movement is 
golf swing terminates very much in this w 
with a baseball bat. 


A third mode of termination is an external block. The movement 
stops because it comes up against something, 
very good example of a movement termin 
In such movements there may be conside 
part and this can prove tiring unless some 

xample, sl ji - Ar 
ee = ene pl ould have some spring to take up the shock 
oF the blow. ten the inept or ine ienc r i 
of the bl 1 P or Inexperienced performer may — in 

may ane: se 10 è : 

hammering, boxing, and the like — pull his punches,” which sim- 
ply means that he has terminated his blow in the wrong manner. 

etting the moven run its e 5 
Instead of let ng ement run its course and hit the external 
block with full force, he shies from the 
muscles to slow the movement before j 


and internal friction. A 
of this nature. A good 
ay, as does a free swing 


A hammer blow is a 
ated by an external block. 
rable shock to the moving 
how cushioned. A hammer 


impact and permits opposing 
ts termination. 


assification of Movement. The 
the advantage of suggesting the 


Alternative Approaches to the Cl 
foregoing classification at least has 
wide range of problems to be encountered. ‘There 
approaching the problem of classification, how 
such dissimilar results that they cannot be . 19 eis 8 
stage of research on human movement there js Miele r an tanda 
tion possible from one set of categories to another, We shat consider 
N . approaches because of their value 
in suggesting problems which might otherwise not be g 

Single and Serial Action. It is often ee 
tween acts which involve a single movement and tee, a sia 
cession of movements is involved. To take a very eae u 1d 70 
sider the difference between tapping a telegraph 15 E ci 1885 
reaction time experiment, and tapping the Sime 1 1 akh 
Sometimes a serial action involves more than the 3 repetiti n 
single movement pattern, as, for example, when a e : 
rapid octave run or a complex Pattern of notes. Sometim Ra ew 
ternal control is partly responsible for the nature and q; es pa : ee 
serial acts, as when a pianist “ sight reads“ an uia 0 


are other ways ol 
ever, and these give 


appreciated. 
Nvenient to distinguish be- 


ar composi- 
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tion. In this latter case, the conceptualization of how serial action 
comes about is not too difficult — we can apply our servomechanism 
analogy to it very nicely, since striking each note leads S looking at 
the next, and so on across the page. But accounting for a sequence 
of acts in which each act is the cue to the next is actually not as 
simple. Neurologically, we really know absolutely nothing about how 
a series of acts can come about — how, for example, one can recite the 
alphabet. This remains as a most intriguing problem for the neu- 
rophysiologist. R 

The Anabi of Individual Differences. Since the study of indi- 
vidual differences has been very fruitful in suggesting a set of dimen- 
Sions for the description of mental abilities measured by 3 
Pencil tests, it is only natural to ask whether or Het a similar approach 
might be useful in the field of motor ability. We 8. for reeset 
give a battery of motor tasks to a large group of be and analyze 
the results in order to find which abilities go with which others. The 
Tesults of such studies have been somewhat astonishing. Movements 
involving the same musculature in very much the same ia 115 
necessarily related. For example, speed of reaction as measured by a 
ing the hand from a telegraph key is not closely related to the speed 
With which one can tap with the same key. Also, there seems to be no 
Seneral factor of motor ability which runs through all tasks. This 
conclusion is bolstered by the fact that it has been very difficult to 
find motor tests which will predict skill in either factory work or 
athletics, All in all, the results of this approach — the analysis of in- 
dividual differences — have been far from clear. A few categories of 
Motor ability suggested by one study are as follows: . 0 speed of 
Single reaction; (2) finger, hand, and forearm speed in restricted 
Oscillatory movement (€-8-5 tapping) ; (3) forearm and hand speed in 
Oscillatory movements of moderate extent (e.g., two and three plate 
tapping tests); (4) steadiness or precision; and (5) skill in manipu- 
lating spatial relations (which is probably a perceptual category) . 
A later study has suggested still another set of categories. Unfortu- 
Nately, none of these categories is unambiguous and more research 
will have to be done before complete confidence can be placed in 
them, At the present, they are suggestive of an approach, not a per- 
fected set of results. 

Applied Experimental Psychology. During and since World 
War II, research on the design of equipment from the point of view 
Of the characteristics of the human operator who must use it forced 
a consideration of the psychological analysis of movement. The cate- 
Sories actually used could scarcely be claimed to represent an endur- 
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f Positioning. This refers to the tas 
ber, usually the hand, at some given 
be visually aided, or it may be 


k of placing some bodily mem- 
point in space. Positioning may 
“ blind.” Positioning may also be 
© point straight up, or it may be 
a lever or turn a knob to a given 
n positioning has been aimed at 
controls in an airplane cockpit. 
titive movements may be of sev- 
eral types, tapping and cranking motions being the most important. 
Research on repetitive movements has included studies of the proper 


operation of telegraph keys, and the cranking motions made in track- 
ing a target by means of a hand wheel, 


3. Load Bearing. Some work has beer 
carrying of loads. For example, in c. 
it on a hip, place it on the head 
shoulders is least effortful. 

4. Fixation. This refers 
of the body, in a given posi 
and tremor. 


F the variou 


Š -jent 
concerned with the EmA 
arrying a load, should one balanc 

5 e 
» OF what? Actually, a yoke across th 


to the hol 


ding 
tion. Here 


rt 
of the body, or some pa 
We encounter problems of sway 


e concerned them- 
of the direction of a 
Portant in some industrial 
angle the hands should move 


num speed and Precision, Such prob- 
ly Operations. 


experimental psycholog 
aboy: fror; s -A 85 
ith highl cih categories. Some of these as 
pects have to do with ughly specific 8 le is pros- 
zs 4 example 
thesis research, particularly as relate I 


À sign of artificial legs- 
tructino 


f © an artificial leg that Will 
simulate the movements of a real leg, for Cosmetic reasons ene 
other. Before the engineering Problems can! 8 


5 de tackled 3. vessat 
to analyze the movements of real legs, This W bees f . 
of photography and devices which register the var 8 be ires of 
the foot during the walking movement. From Gee 1 it has 
been possible to outline the Components of the Walking s vet 
and to design legs which perform quite Well, not on! 1 3 alking 
but for climbing up and down stairs anq y for w 


Steps, and arising after 
falling. 
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MEASURING THE Cost oF MOVEMENT 


It is not fitting to conclude a discussion of movement without some 
attention to the measurement of its physiological cost. The most 
common way of obtaining this cost is by measuring oxygen consump- 
tion or carbon dioxide output. The apparatus may be made reason- 
ably portable and actually carried on the subject’s back during wheel- 
barrow work, and so on. A typical set of results is given in Table 18-1. 


Table 18-1 


The oxygen consumption in cc. per horizontal kilogram meter for different 
methods of carrying loads of two different weights in different positions. 
Adapted from Bedale, E. NI. Comparison of the energy expenditures of a 
in eight different positions. Indus., Fat., Res., Bd., Gt. 


woman carrying los 
Brit., 1924, No. 29B. Table XVII. p. 22. 


Position Weight (pounds) 
20 50 
On one hip 121 141 
In back pack 118 197 
On head 109 131 
In tray on sling 103 131 
In tray on hands 100 1442 
In bundles 099 122 
On one shoulder .090 122 
From yoke 082 097 


ag an analysis can be useful in assaying the cost of physical work. 
dut it must be remembered that other factors are important in the 
applied situation. For example, sitting still, though not very energy 
Consuming, may be more fatiguing than some activity which requires 
More movement. 
Another direct way of measuring the cost of movement is by meas- 
iring bodily heat output. Since the oxidative processes in the muscles 
are “a i R i 
: € the source of body heat, any change in heat production represents 
change in muscular activity. Unfortunately, the complication of the 
a 5 . 
Pparatus required for the measurement of heat output. plus the 
Necessi f confini ; 5 f 
a Cessity of confining the subject in an enclosed chamber, has made 
i i tactical fi í i i i 
s method impractical for most research. The lactic acid content of 
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the blood is also an indicator of muscular 


a product of muscular activity. However, for significant amounts to 


accumulate in the blood would require such a state of fatigue as to 
make this index useless in the ordinary situation. 


activity, since lactic acid is 
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19 | Cortical Dynamics 
and Integrated 
Behavior 


In the . a 
he preceding chapter we assigned to the cerebral cortex the major 
tion and control of movement in the mammal. 
ts of mammalian psychological 


holds for all aspec 
ation, the cerebral cortex has 


result of encephaliz 
verything that the organism does. Later, we 


lly how this statement applies to the control 
mal and pathological, of the organism. Here 
th the cerebral cortex itself, with its inter- 
th its nutrition, and with 


Tole in the integra 
The same situation 
functioning. As the 
become involved in e 
shall consider more fu 
of the metabolism, nor! 
We shall be concerned wi 
relationships with other CNS structures, wi 
its manner of physiological function. 


s OF THE CEREBRAL CORTEX 


FUNCTIONAL AREA 
yat different regions of the cerebral 


do not differ in the manner sug- 
whose maps of the psychological funcions 
an still be seen from time to time at county 
a Figure 19-1; which reproduces 
t the various supposed psycho- 
and so on — are as- 


on whatever tl 


There is no questi 
tion. But they 


ortex differ in func 
9 > 
gested by phrenolog!ss 


of diff i 
of different brain areas © 
nt zones. Fron 


ill be seen tha 
combativeness, 
al areas. Presumably, taming a combative per- 
ed by cutting out the combative area. We 
ely result would be visual disturbance. Re- 
roach must not. however, lead us to think 
homogeneous mass of tissue, since it 


fairs or in city amuseme 
one of these charts, it W 
logical faculties — amativeness, 
Signed to specific cortic 
son could be accomplish 
now know that a more lik 
action against such an app 
of the cerebral cortex as one 
certainly is not. 
Neocortex and Allocortex- The cerebral cortex may be divided 
1) the neocortex, OT “ new Cortex, 


into two major subdivisions: ( 
an g a = 2 * ” 7 
d (a) the allocortex, or other cortex. The cellular structure of 
293 
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the allocortex is different from that of the neocortex and, in general, 
the allocortex developed earlier in the course of evolution. If one 
looks at Figure 19.2, which is a lateral view of the left cerebral cortex, 
he will see nothing but neocortex — the allocortex is visible in the 
intact brain only in small part on the ventral surface. Although there 
are several structures which make up the allocortex, knowledge of 
their names is not essential to the present discussion. 


FIG. 19.1. Localiza- 
tion of ps 
functions and capaci- 
ties as alleged by 
phrenology. (From 
Hepner.) 


chological 


Because the allocortex maintains an intimate 
olfactory system, it has been thought of as the- 
modern research has assigned it considerabl 
the over-all activity of the organism than this 
tion of the allocortex is most likely 
somatic responses of the orga 


relationship with the 
` smell brain.” Actually, 
greater importance in 
would imply. Stimula- 
to yield autonomic re 


nism, such as attacks in 
which are, at least superficially, 


sponses, or 
apparent rage 


of an emotional Nature. These re- 


sponses are mediated through the connections which the allocortex 
. 2 z 4 ? ` A 

maintains with the hypothalamus and other subcortical structures. 
rati re i rts of the < ortex . ee i 

Operations remov ing part the allocortex may greatly reduce the 


: $ i 12 receives sensory impulses 
from the viscera. Therefore, it is to be thought of as being intimately 


Geer aes > internal activity > organi ; 
concerned with the internal activ ty of the organism. It is not ex- 


ferocity of some animals. The allocortex 
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since rage or other emotional pat- 


terns evoked by stimulation of the allocortex involve somatic activity 
(such as biting, running, and vocalizing) - Also, autonomic activity 
can be evoked by stimulation of the neocortex. But, in general, the 
identification of the allocortex with internal activity is useful. 

Subdivisions of the Neocortex. The neocortex may be divided 
grossly into lobes, or more finely into areas identified by their cellular 


clusively so concerned, however, 


10 


eft hemisphere as scen from the side. 
s: 1, frontal lobe, area 4 
s pos- 
lobe, 


x of the | 
he following ares 
parietal lobe, area y 
through area 40: 3- occipita 
uning areas. (From 


FIG. 19.2. Cerebral corte 
‘The lobes are comprised of t 
and the areas anterior to it: 2. 
teriorly through area 39 and ventrally 4 
areas 17, 18, and 19; and 4, temporal Jobe, the rema 


Herrick.?) 


and the a 


ties of division. The frontal, 
convenient terms for gross 
iat each represents a homo- 


g.2 shows both varie 
1 mporal lobes are 
not be thought tl 


structure, Figure 1 
parietal, occipital, and te 
localization, but it must! 
geneous functional area. 

The subdivision of the ! 
is called cytoarchitectonics- We 4 
of the cortex in a later section. The numbered areas in Figure 19.2 
represent distinguishable cyt regions and these have 
considerably more importance 
does the division into lobes. We sh 
of the more important areas in subsequent paragraphs, 


neocortex on the basis of cellular pattern 
shall return to the cellular structure 


architectonic 
e in identifying functional areas than 


all use the numbers for several 
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Thalamic Connections. All regions of the neocortex receive con- 


nections from the thalamus and in all instances send fibers back to 


the thalamus. The precise functional significance of the two-way pat- 


tern of connections is still in doubt. Some of the projections from 
thalamus to cortex subserve sensory functions, as has been pointed 
out in the chapters on the senses. Perhaps some of the downward 
connections, from cortex to thalamus, underlie the phenomena of 
attention by permitting cortical activity to determine to some degree 
what thalamic activity shall be permitted to influence the cortex. 

In the Sensory systems, the connections between thalamus and 
cortex are fairly precise. In other regions of the cortex, especially 
those which we shall discuss under the general heading of association 


areas, the connections may be rather diffuse. Probably they serve a 
general function of arousal or alertness. 


Sensory and Perceptual Functions. 
cortex in lower animals were rel 
perceptual functions are still ext 


The primitive origins of the 
ated to sensory systems. Sensory and 
remely important cortical functions, 
despite the fact that the portions of the cortex not directly related 
to sensation have shown the greatest enlargement in recent evolution. 

The senses of vision, audition, and somesthesis have well-known 
neocortical areas. Vision has its primary cortical representation in 
the occipital lobes, specifically in area 17 as shown in Figure 19.2. 
Most of the visual area is actually hidden from view, since it lies on 
the medial surfaces of the hemispheres. Areas 18 and 19 also are con- 
cerned primarily with vision, but do not receive fibers directly from 
the visual system. Stimulation of these areas (17, 18, and 19) pro- 
duces, in the waking human patient, visual sensations such as flashes 
of light, colored disks, and dancing lights“ Removal of area 17 pro- 
duces blindness in which the person has, at most, only vague visual 
awareness, 


Audition has its primary area in the temporal lobes (Chap. 11). 
Stimulation of areas 41 and 42 produces ringing and buzzing in one 
or both ears, or may change the quality and intensity of perceived 
sounds in peculiar ways. Sometimes the patient reports dizziness as 
though vestibular function were also represented here, but removal 
of these temporal lobe areas does not + 


esult in impaired balance. 
Bilateral removal of the auditory areas results in deafness, 


Somesthesis is represented in areas g. 1, and 2 of the parietal lobes. 
Stimulation of this primary projection area gives rise to sensations of 
tingling, pressure, or kinesthesis, and occasionally of cold and 
warmth. The regions of the body to which the Sensations resulting 


from direct cortical stimulation are referred are represented in 


Functional 


Figure 19.3. The topography corresponds to that of the motor cortex. 


Damage to the somesthetic areas T 
the loss is so severe that the patier 


touch or manipulation, he is s 


there is an upset in the patient's aw 
nership of an arm 


extent that he denies ow 
bodily image is of importance 
because perception of oneself 
underlies the development of 
the concept of the self, or ego. 

Other primary sensory areas 
are less well-known. Taste is 
probably localized in the som- 
esthetic region for the face. Ol- 
faction appears to be at least 
largely an allocortical sense. 
There is some possibility that 
pain has cortical representation 


in the frontal lobes, probably in 
3 Perhaps 


the region of area 11- 
s repre- 


visceral sensation also ha 
sentation there. 
Motor Functions. 
chapter (18) has been devot 
to the control of movement and 
the topic will not be elaborated 
here. However, it is important 
to note that in man the depend- 


function upon 
x is greater 


An entire 
ed 


ence of motor 
the cerebral corte 
than in other anima 
mammal may result ir 
head and upper extre! 
and precise upon stim 
moreover, that motor fib 
side the so-called motor 
function in many areas influ 
Association Functions. 
cortex which are not directly 
tions. These are the frontal a 
prefrontal area and the parie 


tion area. These areas have sometime 


Is. Stimulation 
1 very little mo 
nities. But in m 
ulation of area 4- 
ers arise from m 
areas, SO that ch 
rence the activit 
There are tw 
concerned with 
ssociation areas, 
tal-occipital-tem] 
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esults in defects of somesthesis. If 
at cannot distinguish objects by 


aid to suffer from agnosia. Sometimes 
areness of himself, even to the 
ora leg. This upset in the 


p—lower lip 
SI Teeth, gums end low 


— Tongue 


Intro-obdominal] 


S< 
al 
3. Sensory homunculus. The 
right side of the figurine is laid upon 
a cross section of the hemisphere, 
drawn somewhat in proportion to the 
extent of sensory cortex devoted to it. 


The lengths of the underlying black 
ate more accurately the com- 


FIG. 1 


lines indi 
parative extents of the representation 
in the cortex. (From Penfield and 


Rasmussen. b) 


of the motor cortex of a lower 
vement, which is confined to the 
an, movement may be localized 
It is to be re-emphasized, 
any areas of the cortex out- 
anging patterns of cortical 
ies of the organism. 
0 large areas of the human 
sensory or motor func- 
sometimes called the 
poral (POT) associa- 
s been called “ silent areas ” be- 
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cause damage to them does not resu 


ut in specific loss of sensation or 
motor function. 


The frontal association area has been shown to be concerned, in 
monkeys, with the ability to delay response and to combine elements 
of a situation which are not simultaneously present. Partly on the 
basis of these results and partly on the basis of clinical study of per- 
sons having tumors of the frontal lobes, it has been suggested that 
the frontal association areas are concerned with the higher intellec- 
tual functions. The frontal association area has received considerable 
recent attention because of the operations of prefrontal lobotomy, or 
separation of the prefrontal areas from the thalamus, and prefrontal 
topectomy, in which small bits of prefrontal cortex are removed. A 
surprising result of these operations is the reduction in the impor- 
tance or insistence of pain. Intellectually there is probably some re- 
duction in planning ability, anda reduction of anxiety and muscular 
tension occurs in some cases, but carefully controlled studies of 
topectomies have revealed little or no objectively Measurable impair- 
ment as the result of the operations.* Whether there is a genuine 
“ frontal lobe syndrome“ in man is stil] in doubt. 

The POT association area is concerned with visu 
somesthetic perception and, apparently, 
called “ perceptual memory.” Stimulation of ortions is region 
may induce images of familiar objects or A a 3 
seems to be affected by damage to this association area. In addition, 
peculiar affective changes have been ascribed to damage to the tem- 
poral region, and in human patients irritation to the danse lobes 
may give rise to what is called “ temporal lobe epilepsy,” in which 
affective components are combined with momentary blurring or loss 
of consciousness. The precise mechanism js obscure, Savers inter- 
ference with the use of language, called aphasia, also may occur fol- 
lowing damage to the POT association area. The Particular type of 
difficulty, whether of auditory or visual word recognition, for exam- 
ple, will depend upon the locus of the causative damage 

Our fund of knowledge about the function of q] 81 0 
is still rather slight. No doubt one reason for th 
tion areas, being the last cortical structures to dey, 
psychological functions of such complexity and de 
are not sufficiently subtle to reveal defects in them. 

Integration among the Lobes. The facts of perce 
clearly that many senses must cooperate to produce 


al, auditory, and 
1S Involved in what may be 


1€ association areas 
is that the associa- 
elop, May subserve 
licacy that our tests 


is 


ption show very 
awareness of an 
in which flavor was 
ancous action of many senses, 


object or event. The discussion on page 192, 
found to be dependent upon the simult 


Microscopic Structure of the Cortex 299 


will serve as an illustration. And one not only comes to blend simul- 


al, he also comes to expect certain patterns. A 


p. a hot cake of ice, a racing auto which 


really sour chocolate dro 
passes with no sound whatever — any one of these e startle Be 


cause past experience has led us to expect certain associations of sen- 
sory material. 

How do these blends come about 
human organism somehow reflect th 
verse information, both past and presen 
that the long connecting tracts within th 
sponsible. But there is no evidence that any 
any important function. 
cortex itself has no deme 
how over-all integration comes about, or W 


taneous sensory materi 


? How does the behavior of the 
e integration in the CNS of di- 
t? At one time it was thought 
e cerebrum might be re- 
lobe to lobe tracts have 


Even putting numerous vertical cuts in the 
ief, we do not know 


ynstrable effect. In br 
here it comes about. 


Microscopic STRUCTURE OF THE CORTEX 


An understanding of the different approaches to the question of how 

cortex functions depends upon a minimum knowledge 
x, Eventually, of course, explanations 
with the facts of microscopic anat- 
seen in regard to the long “ asso- 
vays be deduced from anatomy 
the limits to our flights of theo- 


the cerebral 
of the fine structure of the corte 
t be compatible 
s has already been 
inction cannot aly 
anatomy does set 


of function mus 
omy, although, a 
ciation ” tracts, fu 
alone. Nevertheless, 
retical fancy. 
Supporting Cells. 
bedded in a mass of sup 
neuroglia. These are o 
us here. The interrelati¢ 
are not clearly known. Pe 
one. One set of observation 
tract individually at regular 


ciated neurons a massage in the process. : 
jal metabolism of 


The neurons of the cortex are virtually im- 
porting cells, called, collectively, glial cells or 
f several types, which are not of concern to 
ynships between glial cells and the neurons 
rhaps the relationship is partly a nutritive 
s indicates that the glial cells actually con- 
(5 minute) intervals, giving the asso- 
è This could, of course, be 
the neurons. In gen- 


quite important to the norn A 5 
lia only when it runs 


eral, however, one becomes aware of the neurog 
astray, producing tumors of the CNS. ; TP 

Cytoarchitectonics The term “ cytoarchitectonics refers to the 
cellular structure of an organ. in this case the cerebral cortex. Need- 


less to say, the fine structure of the cortex 1S extre 
particularly in man where the fundamental mammalian structure 


has had added to it very large numbers of neurons with very short 
s. Figure 19.4 shows a section of human cortex from the motor 


mely complicated. 


axon 
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region, with only the cell bodies of neurons stained. The exact ap- 
pearance depends upon the region of the cortex from which the sec- 


gions of the cortex that we have 


sed on the study under the micro- 
Scope of such small differences, 


OF particular interest is 
cells. When we consider tha 


FIG. 19.4. Section of 
the human motor cortex 
2 (area 4) showing the 
E| neuron cell bodies. 
(From Economo.11) 


soft, we can understand why some theorists look upon the 
ing of the cortex as involving mass electrical effects, 
duction through isolated neurons only, 
Central Synapses. In addition to the usu 
has been discussed before, what is called ne 
CNS. Neuropil refers to a mass of intertwined axons and dendrites 
which serves to permit diffuse interrelationships among neurons. 
Figure 19.5 illustrates a mass of neuropil. It is diffi i 
that connection among neurons involved in neurop 
shall return to this problem later in this chapter. 


function- 
rather than con- 


al type of synapse that 
uropil is found in the 


cult to imagine 
il is precise. We 
As far as the trans- 
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mission of impulses is concerned, there is every likelihood that cen- 


tral synapses behave much as do other synapses. 


METABOLISM OF THE CEREBRAL CorTEX 


As in the case with any living tissue, the CNS, including the cere- 
bral cortex, must carry on the fundamental processes of metabolism. 
However, there are various particular ways in which a given tissue 


FIG. 19.5. Neuro- 
pil around a spinal 
Neuron, (From Ran-; 
son and Clark. 13) 


vhich can affect the 
In the case of the brain, we shall be 
ource of food, and the way 


` 5 5 i ing: 
can metabolize and there are specific things Vv 


metabolism of a given tissue. 0 
interested in its utilization of oxygen, its s 
in which circulation affects its activities. N 

Cerebral Oxidation. In common with the other tissues of the 
body, the energy for cerebral activity 1s basically derived from the 
oxidation of foodstuffs. Complete oxygen deprivation results in very 
rapid breakdown of CNS activity, permanent damage resulting in a 
matter of a few minutes in the adult. The newborn can tolerate 
oxygen deprivation without harm for a longer ume, which must be 
the result of a different pattern of CNS metabolism. In general, the 
different divisions of the adult CNS show metabolic rates directly re- 
lated to their recency in evolutionary development. The cerebral 
cortex thus has the highest metabolic rate, that is, it uses oxygen most 
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rapidly, while the spinal cord has the lowest rate. As might be in- 
ferred, the structures requiring the most oxygen are the most easily 
affected by oxygen deprivation or by drugs which interfere with oxi- 
dation. 

If interference with oxidation lowers CNS activity, it may be asked 
whether the reverse is also true. Are alterations in activity reflected 
in changed CNS oxidation? The answer is, in general, yes. Cerebral 
oxidation is always depressed if the organism is in a comatose condi- 
tion, no matter what the initiating cause. On the other hand, in- 
creases above the awake, resting level are not so dramatic. It is just 
barely possible to demonstrate an increase in oxygen consumption 
by the entire body when resting is compared with doing mental arith- 
metic and much of even this small increase must be due to slight in- 
creases in muscular tension. The waking brain is spontaneously ac- 
tive and mental arithmetic no doubt represents more a change in 
pattern of activity than an increased level of activity. 

Too high an oxygen pressure is also a disadvantage. The respira- 


tion of the central neurons is interfered with, 


resulting in an upset in 
function. 


Sometimes hyperventilation (overbreathing) is used to 
test the stability of the CNS, since it will lead to abnormal EEG“. 
but this effect is more likely due to the reduction in carbon dioxide 
supply, which in turn changes cerebral circu] 
thinking that all changes in cerebral activity can be explained by 
changes in brain oxidation. For example, patients with so profound 
a psychosis as schizophrenia show normal cerebral metabolic rates. 

Cerebral Foodstuffs. In discussing cerebral foodstuffs, we shall 
confine ourselves to those foods which are unique 
the brain. The basic supplies of proteins, ¢ 
erals, vitamins, and so on, must be available to the brain cells just as 
they must be to other cells of the body. However, cerebral metabo- 
lism has points of difference which need consideration, 

In the preceding section we have discussed the Oxygen require- 
ments of the CNS. The question now arises as to What is oxidized. 
There is no doubt that the overwhelmingly important source of 
energy is glucose. Glucose is a simple sugar derived largely from the 
carbohydrates and partly from the fats and Proteins in the dict. 
Glucose is made continuously available in the normal organism, since 
it is stored in the form of glycogen or “ animal starch ” primarily in 
the liver and striated muscles. A serious fall in blood sugar level. 
called hypoglycemia, can have considerable consequences for the 
CNS. In general, however, blood-sugar level js maintained by the 
action of the sympathetico-adrenal system. In 


ation. It is well to avoid 


ly important for 
arbohydrates, fats, min- 


addition, somatic uti- 
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lization of glucose is inhibited by ACTH and corticosterone, so that 


under extreme conditions what glucose there is, is available to the 


CNS. Insulin lowers blood glucose (by increasing its utilization by 
somatic tissues) and, as a result, large doses of insulin can result in re- 
duction in brain activity, coma, and death. 

The action of hormones in influencing cerebral metabolism is 
probably indirect, through their control of blood-sugar level and 
oxidation of glucose elsewhere in the body. There is evidence that 
neither insulin nor corticosterone will pass the so-called “ blood» 
brain barrier ” and, thus, cannot act directly on the neurons.* 

Vitamin B, has been shown to be important to the complete oxida- 
tion of glucose, hence to normal nervous activity. Severe restriction 
of intake of this vitamin will give rise to upsets in metabolism in 
s well as in peripheral neurons, and men- 
it has been reported that the 
results in irritability, de- 


Various parts of the CNS, a 
result. For example, 
Vitamin B, deficiency 
pain, and anxiety. It is interesting in 
ns of acute alcoholism 


tal symptoms may 
production of severe 


pression, inability to tolerate 
that many of the sympto! 


ain B, deficiency. 

We shall consider the cerebral circulation 
ions: (1) the blood vessels supplying the 
pinal fluid. Since the cerebrospinal fluid 
y system in the brain, we shall consider 


this regard to note 
are ascribable to Vitan 
Cerebral Circulation. 
as consisting of two divis 
CNS and (2), the cerebros 
is derived from the circulator 
this system first. 
As is the case 
With arteries and ve 
us here. Also, in keeping with th 


ily tissues, the CNS is well supplied 
ls of which are of no importance to 
e usual pattern of circulatory sup- 
ply, the CNS contains capillaries connecting the arteries and veins, 
of which the metabolic supplies for the brain and 
reach the tissue fluids and eventu- 


bstance will not pass through the 
s 
point before actual action 


for other bod 
ins, the detai 


through the walls 
spinal cord must p 
ally the cells. If, therefore, a su 


capillary walls, or is blocked at any other J c 
on a cell, it will not affect cerebral metabolism directly. Taken col- 


lectively, these possible points of blockage are called the blood- 

brain barrier.“ Examples of substances which will not pass this bar- 
~ a . Nd 2 

rier are glutamic acid anc 
Since the vascular circu 


ass in order to 


insulin. 
lation brings to the brain all its metabo- 
lites, including food and oxygen: changes in circulation may be ex- 
pected to have demonstrable effects on cerebral activity. Complete 
blockage of circulation to a given brain area results in prompt cessa- 
tion of activity and very rapid irreversible breakdown. As might be 


previous statement concerning the progressive 


expected from our 
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effects of oxygen lack, the newer brain structures can tolerate the 
cessation of circulation and, hence, oxygen and food supply, much 
less well than can the older. The cerebral cortex deprived of circula- 
tion will cease activity in about 10 seconds and will show irreversible 
changes in a very few minutes, whereas the corresponding times for 
the medulla are about 2 minutes and 7 or 8 minutes, It is easy to see, 
therefore, why a person revived after a fairly prolonged period of 
circulatory failure may show normal vital reflexes, but exhibit de- 
mentia and personality changes. Cases where a patient has been 


brought back from death ” by heart massage, for example, are fairly 
frequently reported. 


Whether more subtle ch 


anges in circulation are of importance in 
influencing cerebral 


activity is not completely clear. If a general 
lowering of blood pressure occurs, as the result, let us say, of shock, 
fainting is likely to occur. There is evidence in man, moreover, for 
autonomic control of the blood vessels of the brain itself. 

Other events also can influence the cerebral circulation. For ex- 
ample, the cerebral blood vessels will dilate under the influence of 
carbon dioxide, thus increasing cerebral circulation locally in regions 
of activity. As a specific instance, stimulation of the eye with light 
produces definite increases in circulation in the lateral geniculate 


bodies and occipital lobes, because their increased activity produces 
CO,. 


The cerebrospinal fluid is evolved almost entire 
capillaries lying within certain ventricles of the br 
plexes. This fluid is similar 
without the blood cells) , 


ly from masses of 
ain, called choroid 
to the serum of the blood (that is, blood 
but is not identical to it. An important 
function of this fluid is the protection of the CNS, which is afforded 
partly by the damping it provides to shock and jiggling, and per- 
haps more importantly by the fact that the effective Weight of the 
brain is very much reduced since it is floating in the fluid. Except for 
pathological conditions, as when the fluid is overplentiful, little is 
known about the subtle influence of the composition of the cerebral 
spinal fluid on brain functioning, 


PROBLEMS OF CEREBRAL Dynamics 


So far in this chapter we have examined the general organization 
of the cerebral cortex and have considered its Sources of food and 


energy. It is now necessary to turn to topics which are at once more 


the neurons themselves 
involve speculation about 


specific — they involve a consideration of how 
are interrelated, and more general — they 
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the kinds of scientific model which will best describe how the cortex 
works. In general, we shall see that speculation has taken two basic 
directions, In the first of these, cortical activity is to be understood 
in terms of the interrelationships among individual neurons, operat- 
ing through specific synapses, with integration being derived from 
the timing of activity. In the second direction, cortical activity is to 
be understood, at least partly, in terms of field effects — the individ- 
ual neurons are less important than the patterns of activity them- 
selves, and mass effects of electrical and chemical fields are basically 
important. 

Nerve Impulse Theories. The approach to the understanding of 
cortical action which we shall term collectively “ nerve impulse 
theories“ assumes that the activity of central neurons is the same as 
ral neurons. In other words, a neuron in the CNS, 
as one basic function, the conduction 
of nerve impulses. It may be said, therefore, that a given neuron has 
existence. It is either conducting a nerve impulse 
or it is not. Whether it is or is not, ata given moment, depends upon 
the activity of the neurons which discharge at its incoming synapses. 
In turn, its activity helps determine the activity of neurons further 
along. When we consider the billions of neurons that are present in 
the CNS, it is apparent that the combined action of these neurons 
can occur in an almost infinite variety of patterns, both in space and 
in time, The patterns of the moment determine the perceptions, 
activities of the organism. 
that the action of the cerebral 
pecific neuronal activity does 
each neuron has a special, individual function. There 
one neuron for each memory, or even one chain 
of neurons for each association. Evidence from brain injury in man 
and from experimental ablation in animals is all against such a view. 
What the theorist has in mind is that the patterns of neuron activity 
are important, but that these patterns are patterns of nerve impulses, 
not of electrical or ch Sometimes the analogy of the 
digital computer is used. Such a device consists of a very large num- 
ber of vacuum tubes, connected in a complex circuit. Each tube has 
two possibilities at a given moment — it can be conducting a current 
or it can be silent. Thus, the analogy between a neuron and a 
vacuum tube is an easy one to make. Digital computers are the most 
complex devices we have at the present and this complexity is de- 
rived from a relatively simple principle — 
ways of behaving. Perhaps this explains the popularity of 


that of peripher 
including the cerebral cortex, h 


but two modes of 


thoughts, and 
Il to remember that to say 


It is we 
understood in terms of s 


cortex is to be 
not mean that 
is not, for example. 


emical fields. 


a tube which has only two 


possible 


306 Cortical Dynamics and Integrated Behavior 


this analogy among the more imaginative neurophysiologists and 
psychologists. Unfortunately, no one really knows whether the com- 
puter model is a good one; and discussing the model is no substitute 
for research on the brain itself. 

Field Theories. The field theories suggest that the neurons of the 
cerebral cortex can influence each other in ways other than at syn- 
apses. If a given neuron is active, for example, it may change the 
excitability of neurons near it. In this Way, we may imagine, a group 
of active neurons would create a strong field of influence, partly be- 
cause of the electrical phenomena which are part of their nerve im- 
pulses, and perhaps partly because of the chemical changes which are 
also part of the nerve impulses. In one form of this type of theory, 
the fields of activity underlying perceptual phenomena have a physi- 
cal shape very much like the perception. This conception is obvi- 
ously much better suited to visual patterns than to, say, taste blends. 

There is good evidence that neurons can influence each other out- 
side of synapses, Activity in a given neuron will alter the threshold of 
a neuron near and parallel to it. Effects of activity extending over a 
millimeter or two have been observed in insect ganglia. Added to 
this functional evidence, field theorists can point to the anatomical 
fact that there are a multitude of tightly packed small neurons in 
the cortex and to the existence in the CNS of areas of the apparently 
diffuse intertwining neuron processes we have called neuropil. Such 
regions do not seem to provide the precise synaptic relationships 
implied by strict nerve impulse theories. 

Nerve Impulse and Field Theories Contrasted. 
serious oversimplification, let us consider how 
field theories would account for the discriminatio 
a circle. Perhaps this choice of example is unduly favorable to field 
theory. Discriminating sweet from sour would be much harder to ex- 
plain in field theory terms. For the simple field theory, this dis- 
crimination is very easy. The triangular stimulus throws 
image on the retina and this shape is retained in the 
right up to the striate cortex. That is, the pattern of 
tion is roughly triangular in shape. Similarly, the circle leads to a 
circular pattern of activity in the cortex. How and where these two 
patterns are compared is somehow seldom discusse, 


terns, discrimination and appropriate behavior 
follow. 


At the risk of 
nerve impulse and 
n ofa triangle from 


a triangular 
neural activity 
cortical excita- 


d. Given the pat- 
are considered to 


Now, before leaving the field theory part of our example, it is well 
to point out that this extreme form of isomorphism (tri 


3 : net f 5 langle leads 
to a triangular pattern of activity) is not indispensable for field 
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e anything at all, provided 
vith some constant way 
e stimulus. However, 


theory. The pattern in the cortex could b 
each figure gave rise to a different pattern 
of predicting point by point the pattern from th 
most field discussions have implied the form of is 


we have used in our example. 
eory cannot find so apparently simple an explana- 
iggestions can be 


omorphism which 


Nerve impulse th 
tion as can field theory. Two more complicated su 
considered here. First of all, it is possible to imagine that each organ- 
ism must build up during the early years of its life specific aggregates 
of neurons for the different shapes. If a triangle and a circle can be 
discriminated, it is because triangles and circles have, through learn- 
ggregates of neurons in the visual as- 
ow the cortex works is based 
darkness and of people oper- 
life. Although the evidence 
Fa necessary learning period 


ing, 
sociation areas. Such 
largely on studies of 
ated on for congenital catar 
at present, that o 


come to arouse speciſic a 
a conception of h 
animals reared in 
acts later in 


is somewhat ambiguous 
predominates. 
Another nerve impulse 
e to a pattern o 
pebble cast into a pond se 
tire surface of the water. These patterns 
artly spatial, partly temporal, but certainly 
al outline of the stimulus. 


approach states that each perception in 
our example gives ris f impulses involving the whole 
visual cortex, much as a ts up a pattern of 
wavelets covering the en 
may be considered to be p g 
copying the physic: 
mpulses, depending upon the arrange- 
ng of impulses in the cortex, not pat- 
mical fields in which the individual 


not in any direct way 
They are patterns of nerve in 
ment of synapses and the timi 
terns existing as electrical or che 
neurons are not basically important. j 

Which general approach will hold up best in the light of future 
research we cannot be sure. Our discussion has left out the refine- 
t were necessary to hazard a guess at this point, the 
t both the field and nerve impulse theories have 
rebral cortex is sufficiently com- 


ments of each. If i 


best would be tha 
ctness, and the ce 
modes of integration to proceed at once. 


Electroencephalogram. The electroencephalo- 
to briefly in Chapter 4. It is possible to record 
ntials of the brain b 
EEG ordinarily represents fluctuations in 
an unknown baseline, which sometimes 


elements of corre 
plex to allow severa 

The Source of the 
gram has been referred 
changes in electrical pote 
tached to the scalp. The 
potential above and below 


are referred to as“ brain waves. 
When one analyzes a series of EEG records, he finds that the great- 


est amount of the energy changes are of rather low frequency — 12 
cycles per second and below. In most relaxed subjects who are awake 


y using electrodes at- 
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but not mentally occupied, the predominent rhythm is about 8 to 
12 per second, depending on the individual. These are called alpha 
rhythms, and are illustrated, along with some other rhythms, in Fig- 
ure 19.6. Alpha rhythms are most strongly recorded over the oc- 
cipital regions of the head. Beta rhythms are faster, about 25 or more 
per second, and are more characteristic of the motor areas. When 
the subject slips off into sleep or unconsciousness, the rhythms slow 
down, first to the three per second delta rhythms, and finally to very 


TWA pen 


Annee FIG. 19,6. Some 


of wave 
Sr NWN found in the hu- 

man clectroenceph- 

alogram. I. alpha; 

II. beta; III. gam- 

as SUNS Pr AA ma; IV, saw-tooth; 


V, spindles; VI. 


random; VII. del- 
= ta; VIII, spikes. 


(From Crafts, et 
al.15) 


1 sec. 


slow random waves. All these are shown in Figure 19.7. The kappa 
rhythms, an additional variety which have about the same frequency 
as the alphas, have been reported from electrodes ov er the tips of the 
temporal lobes, but their full significance is not known. The EEG 
represents an informative, though gross, indicator of cerebral activity. 
At the moment we shall be concerned primarily with 
rhythm. This is characteristic of the waking but relaxed subject. 
When the subject is stimulated with light, a loud sound, or other 
stimulus, or when he thinks about something, his alpha rhythm will 
be “ blocked.” Figure 19.7 illustrates a typical record of alpha block- 
ing. 

The possible sources of the alpha rhythm are of at least two gen- 
eral kinds. These kinds are of the same sort as the division b 
nerve impulse and ſield theory approaches dis ‘ussed in the para- 


i from the summated 
nerve impulses of synchronously firing cerebral neurons. According 


the alpha 


graphs above. One suggestion is that they arise 
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to this view, blocking represents the breaking up of the synchrony 


by the establishment of patterns of excitation in the cortex which 
cannot be detected in the EEG. It has further been suggested that 
rhythmical, synchronous discharge depends 
ns between cortex and thalamus, so that a 
positive feedback relationship is established. Thus, volleys of im- 
t from thalamus to cortex and back again in 
interference does not occur. 


the maintenance of this 
upon the interconnectio 


pulses make the circui 
continuous fashion so 


long as outside 


21367 
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light flash .017 sec. 


3 


light flash .760 sec soal 


one second 


“ Ei ” > li Oy i sley. 
Alpha rhythm blocking ” by light. (From Lindsley. 


FIG. 19.7. 


rhythms are not dependent 


is incorrect and the 
d cortex can show spontane- 


Jy, è — 
Probably this view 
upon these interconnections, since isolate 


ous rhythmical activity. 
Another approach considers th 


impulses at all, but rather that they 


ither in the corte 
al neurons. Recent work indicates that this 


The alpha rhythm, and probably other cor- 

is not a summation of synchronous nerve 
„all fluctuation in potential. Precisely 
how this affects the activi x is not certain, but the sug: 
gestion that it represents à waxing and waning of cortical excitability 
has considerable plausibility. If this is true, the cortex, at least in the 
visual region, is maximally excitable at about 1/10-second intervals 
and there is some evidence that this is indeed true.“ Whether or not 
this suggestion will withstand the scrutiny of future research cannot 


at the moment be decided. 


at alpha rhythms do not represent 
arise from the rising and falling 
of potential waves e x asa whole or in the membrane 
potentials of the cortic 
View is probably correct. 
tical recordable rhythms, 


impulses but represents over 
ty of the corte 
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changes underlying learning is a 


The nature of the physiological 
he subject of considerable specu- 


fascinating problem which has been t 
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lation, but virtually no empirical progress. There are really two gen- 
eral problems. First, what Structures are necessary for learning? In 
order to sharpen the problem, we shall assume that the CNS is the 
locus of learning and our discussion will be confined to it. Second, 
what changes occur in the necessary structures when learning takes 
place? This question we shall consider after our discussion of the first. 
CNS Structures Necessary for Learning. The consideration of the 
structures necessary for learning is complicated by the number of dif- 
ferent types of learning situations which can be studied. Of these, the 
classical conditioned response is the simplest, instrumental condition- 
ing the next least complicated. About their neural loci we can state 
a few general conclusions. There is no doubt that conditioning can 
take place in the decorticate animal. Thus, the ce 
essential for simple conditioning, 
narily when it is present. W 
occur is a matter of dispute, 
that conditioned responses n 
very rare or nonexistent, 


rebral cortex is not 
although it does participate ordi- 
hether or not spinal conditioning can 
with the evidence probably indicating 
nediated by the spinal cord are either 


Discrimination habits, such as choosing a light v 
Present considerably more complication. In man, the cortical SENE 
sory areas seem to be essential even for the simpler types of discrimi- 
nation, such as light versus dark. In the rat, however, such is not the 
case, for a light-dark discrimination can be learned in normal time 
after removal of the visual cortex. Animals having color vision, the 
primates particularly, need the cortic 


al visual areas for color discrimi- 
nation. The cerebral cortex is also essential for pattern vision. Analo- 


gous results have been obtained for the other senses. The cerebral cor- 
tex is essential for subtle discriminations, the subcortical centers 
being sufficient for grosser discriminations such as intensity — in ani- 
mals other than man, at least. 


ersus a dark alley, 
re 


Maze learning has been extensively studied in the rat and 
siderable variety of ablations performed. Since it has been foun 
loss of maze learning ability is more n 
tex is removed than to what parts of 
conclude that maze learning is so y 
ever Cues are available, thus involving a great many cortical areas. 
Removing various senses by ablations of the receptors also ir 
with maze learning and we may tentativ 
moval of the cortical areas acts largely b 
available cues. 


a con- 
d that 
early related to how much cor- 
the cortex is removed, we may 
aried a task that the rat uses what- 


nterferes 
ely conclude that the re- 
y reducing the variety of 


When we discussed the functions of the fror 


i atal lobes we had oc- 
casion to mention the effects of lesions in thi 


s region on problem- 
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s of a situation must be inte- 
al areas are of importance. In 
terial is affected 


solving behavior. Where the element: 
grated, it would appear that the front 
the rat, manipulation of complex problem-box ma 
by brain lesions much as is maze learning. 

It should be pointed out that studies of the effect of 
on performance in learning situations must take account of at least 
four factors. First, sheer modifiability of function is a property of a 
large part, if not all, of the CNS. It is not likely that the effect of 
brain lesions on maze learning, for example, is to be considered as 
loss in sheer modifiability, as witnessed by the normal learning time 
for simple discriminations. Second, brain lesions may have a serious 
effect upon the motivational status of the organism, either reducing 
its energy or upsetting other of its internal conditions. Third, re- 
cerebral cortex reduces the resources of the 
ogether the cues from several 
11 solutions to problems. 


brain lesions 


Moval of portions of the 
animal for integration — for putting t 
senses and utilizing them to reach successfu ¢ 
This would seem to be an important aspect of the results obtained 


in the study of maze learning in the rat. Finally, and this is of con- 
siderable importance for problem-solving behavior, removal of parts 
of the cortex seems to reduce the range of performance of an animal. 
Its repertoire of responses is reduced and it becomes less variable. 
Thus, the probability of discovery of a correct solution is decreased. 

Neural Changes in Learning. It has been thought for some ume 
that the most likely locus, in the microscopic sense of the word, for 
the neural changes involved in learning 1S the synapse. As learning 
progresses, new neural patterns must be established. This implies 
that new relationships must be established among the activities ol the 
neurons, The most obvious point of change is at the synaptic Junc- 


tions among neurons. g 

If we assume for the sake of discussion the accuracy of the hypothe- 
Sis that the synaptic relationships change during leaming, the prob- 
lem of accounting for such changes remains. This problem is really 
double. First, how do the synapses change so that a neuron now no 
t fired before, or now can excite one which it 
Secondly, and no less difficult, how can the 
ork to influence synaptic change? Why is the 
e goal learned, the blind alley entry elimi- 


longer fires one that i 
could not excite before? 
outcome of an activity W 
response which reaches th 
nated? 

Actually, there is no accep 
altered in learning. No doubt t 
says nothing whatever except th 
when a neuron excites another, 


synaptic resistence is 


ted theory of how 
biochemical — which 


he changes are 
at they are in the organism. Perhaps 
their membranes, which make con- 
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tact at the synapse between them, grow more alike chemically and 
make the synapse more intimate. But this is sheer speculation since 
no one has ever demonstrated such changes. Besides, this answer 
begs our second question since, if mere simultaneous action under- 
lies learning, the effects of the response cannot be a direct factor in 
learning but must be accounted for by some other principle. 

Our second question has no answer. Perhaps, indeed, it is not a 
legitimate question (a point which would take us far into learning 
theory if pursued) and the effects of a bit of behavior have no direct 
action on learning. But both common sense and experiment incline 
one to think that they do. At the moment, no suggested explanation 
is sufficiently plausible to warrant inclusion here. 


Suggested Readings 


1, Jeffress, L. A. (Ed.). Cerebral Mechanisms in Behavior: The Hixon 
Symposium. New York: Wiley, 1951. 

2. Morgan, C. T., and Stellar, Eliot. Physiological Psychology. New York: 
McGraw-Hill, 1950. Chapter XXVI. 
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The Definition of Motivation. A fundamental assumption in 
Science is that every action has a cause. Thus, in the biological 
Sciences, for each act of an organism an antecedent cause is assumed. 
Sometimes the cause of response, in man for example, is essentially 
external and the cause and effect relationship can be verified by 
Many witnesses. Sometimes the cause is internal and known to the 
responder only; yet his explanation is accepted as credible by others 
because they have had similar experiences. Sometimes, however, the 
cause of a response is internal but unknown, both to the responder 


and to others. À P 
When a given organismic act follows a given change in the ex- 
ation has occurred. 


ternal environment, it usually is said that stimul 
ct follows a change known to have occurred within 


one sometimes speaks of internal stimulation, espe- 
ognized interoceptor cells have been 
as in a reflex. In the absence of 
lation, to account for other 


When a given a 
the organism, 
cially if it is known that rec 
activated or if the behavior is brief, 
specific information about internal stimu 
than reflexive behavior, psychologists usually employ another term — 


motivation. Thus, in a constant cage environment, if one aniinal 
drinks and another eats or in the library, if one student studies and 
another day-drams — We usually say that the differing behavior is 
due to different motivation. Motivation, then refers to conditions or 
states within an organism that cause persisting behavior; and in the 
above examples we might speak of the motive to drink, the motive 
to eat, the motive to study, or the motive ia daydream: It will be 
evident that such usage is usually based on inference and that it fol- 
lows from the assumption that behavior 1s caused. The study of 
Motivation is an investigation of the n 


ature of the internal and vari- 
able determinants of persisting behavior and of the mechanisms by 
which they exert their effects. 


Some Comments on Terminology: Man has always been inter- 


ested in causes. In his attempts to describe why he and his fellow 
creatures do what they do he has come to use many words in addi- 
: ee ene 10 eat 
tion to stimulation and motivation. „Drives“ and “ needs“ are per. 


haps the most common; but others frequently met are “ urges,” ten- 
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s as — * ” ri 4 e i, 
sions,” “ need-states, need-presses,” “ releasers,” “ sensitizers,” “ en 


ergizers,” “ sets,” “ instincts,” “ dispositions ” and “ habits.” For man, 
in particular, there is still another group: “desires,” “ wishes,” 
wants,“ plans,“ purposes,” interests,“ likes,“ and “ dislikes. 
We cannot discuss the usage of all these terms in one chapter. All that 
we can hope to do is present those that, in our opinion, are most usc- 
ful in describing behavior from a physiological point of view and to 
qualify or restrict some of the others, 85 

As a term in psychology, motivation is often confused with five 
others: energy, habit, emotion, instinct, and need. In the usage we 
employ, a motive may serve to release energy in effector cells but it 
itself contributes little energy. A motive may serve to induce the be- 
havior that becomes established as habitual (i. c., a habit) and it may 
arise in new form from the habit (as in drug addiction, for example) ; 
but habit is behavior and any motivation resulting from such be- 
havior should be considered separately. This is also so with emotion. 
In the next chapter we shall define emotion as behavior. In com- 
mon with any organismic act, it sets up a new condition within the 
organism which may serve to induce subsequent behavior. The other 
two terms cited in this paragraph — instinct and need — receive 
more extended comment in the following paragraphs. 

Instinctive Behavior. Instinct’ 
of behavior has practically dis 


as a noun and as an explanation 
appeared from modern psychology- 
Many writers refer, however, to instinctive behavior. By it they 
usually mean a pattern of attivity that is common to a given species 
and that occurs without Opportunity for learning. The 
about how stereotyped or how complex the 
to be called instinctive; but most will 
than single reflexive acts, that the sequence of acts may be somewhat 
variable, and that it depends primarily upon inherited neurophysi- 
ological mechanisms. Most will agree, also, that in species which 
show marked learning ability, instinctive behavior patterns either 
disappear or are masked by learned behavior. Thus, few writers to- 
day emphasize instinctive patterns in man, or even in the 
apes. For this reason, we shall devote little space to the 
though it is important in any study of comp: 
volves such varied reaction patterns as thos 
taking and hoarding, hibernation and Migration, mating and nest 
building, and the complex Sequence of patterns having o do with 
care of the young. In so far as these activitie ; 


y may differ 
activity must be if it is 
agree that it involves more 


anthropoid 
subject, al- 
arative psychology. It in- 
e of flight or attack, food 


S are common among 
higher organisms we shall consider them in subsequent paragraphs — 


not in terms of patterns for given species, but in terms of their moti- 
vation. 
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d. Although some psychologists use need 
and “ motive ” as synonyms, you shall see that we make a distinction 
between them. Since they are related, however, and since we all use 
d need ” so frequently in our thinking and conversation, a considera- 
tion of biological needs forms one appropriate approach to the sub- 
Ject-matter of this chapter. 

First, we want to make it clear that need has no physical existence; 
We speak, for example, of a house 


. In this case, “need” refers to a 
protect the house, or to protect the furnishings 
weather. If one were an intended suicide, his 
for a means of death. If he were to choose a tall 
t, he would not need wings, or a net, or a 
accidental, however, obviously one of 
necessary to him. The need relates to the 
his goal of continuing life is 
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it is entirely a conceptual matter. 
needing paint or needing a new roo 
desire or purpose to 
= the house, from the 
first need would be 
building and jump from i 
parachute. If his fall were 
these things would be quite 
goal. His goal of death is one thing; 
another. 
Need has no meaning except in terms of a stated or implied goal. 
(1) we speak of organ- 


But it would seem that it has two distinct uses: 
are to continue to live, or (2) we speak of 


for a week, as needing food. With 
es needing gasoline if they are 
hich has exhausted its supply, 
nts here are generalizations; 
note necessary conditions for 
cific. They apply to a given 
to a specific condition or 


isms needing food if they 
ch has not eaten 


organism x, whi 
1) of automobil 


engines we speak ( 
of automobile x, W 
e. The first stateme 
f fact but they der 
statements are spe 


1, more particularly, 
Condition or state of need, then, 


e distinguish this mean- 


to operate, or (2) 

as needing gasolin 
they are statements O 
some end. The second 

engine or organism ang 
State of that engine or organism. 
is different from need when used alone; so W 


Ing by the hyphenated term, need-state. 
If need-states are capable of inducing behavior they are motives. 


But it is important to realize that they may exist and still not induce 

For example, we spoke in Chapter 15 of the 
as deficient in thyroxin. Such a deficiency does 
t serves to reduce it; and a need-state 
as a motive. Even more illustrative 
d for oxygen (Oz) and our need to 
necessary for the integrity 
addition of O, in animals 
accumulated C02. In other words, a need- 
ational significance; but excessive CO, 
t motive. It leads us to breathe 
and acquire Os. 


adjustive behavior. 
cretinous child who W 
not elicit behavior. Instead i 
for thyroxin cannot be regarded 
is the difference between our nee 
eliminate carbon dioxide (CO. B. 
of the organism but, as we shall see later, the 


oth are 


occurs largely as a result of 
state for O. has little motiv 
in the blood stream is an importan 
and thereby to both eliminate CO, 
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Releasers and Sensitizers. Two other terms previously cited de- 


serve particular attention. They are used most frequently, perhaps, in 
discussions of instinctive behavior; but they can be of more general 
value. One, sensitizer, usually refers to some internal organismic con- 
dition which serves to lower the response threshold for a given be- 
havior pattern or to induce it. The other, releaser, usually refers to 
rather specific external stimulation which, in the presence of a sen- 
Sitizer, will “ release ” a rather specific behavior pattern. 

Mating in subprimate female mammals furnishes a good illustra- 
tion of the manner in which releasers and sensitizers together deter- 
mine behavior. The advances of males ty 
for a brief period associated with ovulation. Then the visual and 
other stimuli afforded by a male, or even another female, will release 
the mating responses characteristic of the species. The sensitizer (or 
motive) here has been shown to be hormonal in character. When 
hormonal levels are appropriate, the female becomes “ receptive i 
to the male and is said to be “ in heat,” or in estrus. 

Much of man’s behavior, also, is dually determined by sensitizers 
and releasers. Consider your own reactions to a drinking fountain: 
(1) often you pass it without drinking; (2) sometimes it automati- 
cally releases drinking responses; (3) and sometimes when you are 
strongly sensitized you seek it even from some distance, but you do 
not go through the movements of drinking until you reach the foun- 
tain. It should be evident that releasers are of little significance as 
behavior determinants in the absence of motivation, but also that the 
character of motivated behavior is determined, in part, by external 
stimuli which may serve to release either unlearned or learned be- 
havior. 

Some Models of Motivation. 
that should serve to emphasize the 
model of behavior in psychological 


pically are spurned except 


Let us turn now to some models 


points we have made. A common 
textbooks is show 


n in Figure 20.1. 
This merely says that ©), the organism, is influence 


d by an external 


S1—~+O—- R1 
FIG. 20.1 


stimulus, $1, and makes a response, R1. If behavior were that simple. 


we should have no need for the concept of Motivation, 
Other models, however, illustrate its importance, 
volves the same external stimulus as in Figure 20.1 b 


81 — — Rr 


FIG. 20.2 


Figure 20.2 in- 
ut the response 


Models of Motivation 517 


at state x within the organism has 


erved to modify the response, or, preferably, that state x has, in the 


presence of S1, served to elicit a new response. Moreover, in Figure 

2 9 . . — 

20.3, state x alone induces the new response, when $1 either remains 
is blocked from receiving it. 


constant, is absent, or the organism 1 


S17 @—> Fax 

FIG. 20.3 
sitizer or motive, and S1 is the 
ases Rx if © is primed or sensitized 
ation the essence lies in Fig. 20.3. 
Rx. When we come to un- 


is now different. We may say th 


In Figure 20.2, state x is the sen 
releaser, In other words, S1 rele 


by state x. But in any study of motiv 
organism alone elicits 


Here, x within the 


1 tortoise, M. speculatrix in need of a bat- 
hows the path taken as it avoids an 
t light of its hut. (Photograph by 
Grey Walter.) 


FIG. 20.4. The mechanica 
The time exposure s 
proaching the brigh 

ourtesy of Dr. 


obstacle while ap 
Desmond Tripp, Ltd. and by ¢ 


nin the organism, we shall understand motiva- 


understand behavior. 
attempted to further this understanding 


hich behave like human beings or at 
For example, one British scientist 
a turtle-shaped apparatus which 


derstand all the x’s witl 
tion and we shall better 

Several investigators have 
by constructing machines W 
least like infrahuman organisms. 
has designed Machina speculatrix Ey 
we use for our last model (see Fig. 20.4) - 


This machine has two amplifiers, (WO relays, two electric motors, 
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two batteries, and two “ receptors — a photoelectric cell which is 
sensitive to light and an electrical touch-plate which is responsive to 
physical contact. The circuit is so arranged that “ exploratory ” move- 
ments are typical in darkness and moderate lights are “ attractive, 

but bright lights and physical objects are “ repulsive.” Thus, the 
machine demonstrates both approach and avoidance behavior to ex- 
ternal “stimuli.” When its batteries need recharging, however, the 
bright light in its garage is no longer avoided but is approached. As 
it enters the garage, its “ feeding ” electrodes engage with the battery- 
charging circuit and a relay turns off the power for its motors. The 
machine then remains motionless until it: 
that is, until its “ need-state ” has disappeared. Then, it is again re- 


pelled by the bright light and physical contact of its garage and de- 
parts to continue in the activities of which it is c 


s batteries are charged — 


apable. 

We see, then, that it is possible to put specific adjustive acts into a 
machine if we provide suitable irritable mechanisms and suitable 
control circuits connected with locomotion. If we really want to make 
a machine self-adjustive, we should have to put into it either a large 
number of specific acts and need-state irritabilities or provide, in some 
manner, the capacity for learning. 

Most submammalian species continue to live and continue to re- 
produce themselves because their inherited struct 
tive responses to need-states, In mammals, and particularly in the 
higher primates, the greater capacity for learning minimizes the im- 
portance of inherited adjustive response patterns. But the external 
or internal determinants of behavior in a machine, in amoeba, or in 
man have much in common. They are represented in simple fashion 
in M. Speculatrix. But even amoeba is more complex. As pointed out 
in Chapter 2, it and all organisms react to chemical, thermal, me- 
chanical, and electrical stimulation; and higher animals react to these 
and others — both external and internal. We already have considered 
the major external determinants of behavior (Chaps. 6-14) . Now we 
consider some of the internal ones in man and other animals. 

The Concept of Drive. As Previously stated, the terms “ need” 
and “drive” are frequently employed in psychological discussions 
of motivation. We have discussed the concept of need 
the term “ need-state.” We now define drive as any unlearned motive. 
Since many of the motives common to a given species are associated 
with general biological needs (i.e., necessities for individual integrity 
and species continuation, regardless of Species) , drives often are need- 
states. But need-states are not always drives. Table 20-1 serves to 
reemphasize the difference and to present some 
biological needs in comparison with their 


ures permit adjus- 


and introduced 


of the more general 
associated drives, 
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at present, there is little consistency 


It should be pointed out that, 
different drives. 


an y 1c i i i i 
nong psychologists in the manner of designating 


Tease : 8 
t is common, for example, for an author to speak of the hunger 
the sex drive, and the drive to eliminate. 


drive, the drive for water 
d refers to a goal or incen- 


3 * * * 
But the first refers to a sensation; the secon 
tive; the last to a form of behavior; and “ sex,” used alone, is am- 


logical Needs and Drives of Organisms 


Associated Drives 


Table 20-1. Physio 


Needs 
I. For Functional Integrity 
A. Agents or conditions to be added 
Water Water Deficit 
Food Food Deficit 
Vitamins and Minerals Some Specific Deficits 
Oxygen 0 
Hormones 0 
(See Below) 


Adequate Temperature 
B. Agents or conditions to be eliminated 
Extreme Temperatures Thermal Deficit 
Thermal Excess 
Waste Products of Metabolism 
and Digestion CO, Excess 
Urine Excess 
Feces Excess 
“Fatigue” 


rces of Tissue Damage Excess Foreign Matter 


Other Sou c 
Pain 
II. For Species Continuation à 
Reproductive Functions Sexual Excitement 
Prolactin 


Care of Offspring 


biguous to say the least. In part, this lack of cons istency is due to in- 
adequate information about th of drives; in part it is due to 
ttention on th 
— chat whicl 
When we know 
tention to then 
the meantime, 
yand column of 
such an attemp 
ter deficit and tl 


Water is the m 
pout three-fourths of the body 


e nature 
e motivated behavior itself or on its 


when achieved results in termina- 
more about drives, it will be 
and to classify and describe 
we can only make a step in 
Table go-1 and the discus- 
t. We begin by discussing 
ie behavior it elicits. 


concentration of a 
apparent objective 
tion of the behavior. 
easier to direct our at 
them systematically. In 
that direction. The right j; 
sion that follows represents 
in some detail the drive of wa 

The Drive of Water Deficit. 


living tissues. In man it constitutes a 
As living cells lose water their functions are impaired and in 


ajor component of 


weight. 
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organisms with a circulatory system the blood volume decreases and 
leads ultimately to circulatory failure and to death. 

For man on the desert, for example, it is estimated that a water 
loss equal to 20 percent of his body weight is sufficicnt to produce 
death. But long before this amount of water deficit has occurred, his 
functioning has become impaired. He experiences difficulty in mus- 
cular movements including breathing; he loses his desire for food 
and becomes nauseated; he becomes tired to the point of exhaustion: 
and his initial sensations of thirst become overlaid with thoughts and 
even illusions and hallucinations about water. 

One of the first signs of such 
would be the sensation we 
that the dryness of the 


a state of progressive dehydration 
call thirst. For many years it was thought 
mucous membranes at the rear of the throat 
could be regarded as the source of the drive for water — as the mo- 
tive for drinking. Several lines of evidence indicate, however, that 
we must look elsewhere for at least a portion of the drive: (1) de- 
nervation of the throat does not alter the total amount of water drunk 
by experimental animals over given periods of time; (2) drugs which 
enhance salivary secretion, and thus keep the throat moist, do not 
r drunk; (g) with a depletion of sodium 
alt) from the body, as by excessive sweating, the 
urge to drink is decreased, although water deficit has increased and 
the mouth becomes excessively dry; and finally (4) the taking of 
food, even moist food which does not dry the throat, creates an addi- 
tional urge to drink.? 

Such evidence does not mean, of course, that sensations from the 
throat are unimportant in determining drinking behavior, In fact, 
one experiment illustrates rather conclusively that some mechanism 
connected with the act of drinking (perhaps in the throat) can, in 
effect, measure the amount of water needed to restore physiological 
equilibrium. After a dog had been deprived of water for some time, 
and a known water deficit produced (as measured in terms of weight 
loss), the water was replaced directly into the Stomach through a 
tube. If allowed to drink immediately after this artificia] replacement, 
the dog drank enough to equal its original deficit, but if the oppor 
tunity to drink was deferred for 20 minutes drinking did not occur, 
and if deferred 10 minutes some drinking occurred but not enough 
to make up the original deficit. We may conclude that both drinking 
and amount of water taken are influenced by some 
ciated with drinking and that this motive m 
water which passes through the throat onl 


alter the quantity of wate 
chloride (common s 


mechanism asso- 
ay be removed either by 


F y or by water placed di- 
rectly into the stomach; but in the latter case time must be allowed 
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for the water to be assimilated. That this assimilation is necessary 
was demonstrated by another test in which a surgical opening (a 
fistula) was created in a dog's stomach so that the water he drank 
could be removed immediately after drinking. Under such conditions 
drinking occurred again within a few minutes. 

i Other experiments have demonstrated that the tissue state that 
initiates drinking and determines the amount drunk is probably one 
of cellular dehydration. For example, the injection of strong salt solu- 
tions or other chemicals that cause loss of water from body cells re- 
sults almost immediately in thirst and drinking, while conditions that 
produce cellular hydration inhibit drinking. 

But even though cellular dehydration be the basic physiological 
condition, much in drinking behavior remains unexplained. One in- 
answer is to be found in a portion of 
e the physical changes in a group of 
the nerve impulses 


vestigation suggests that the 
the anterior hypothalamus wher 
a dehydrated state, initiate 
rching and drinking behavior. If these inter- 
ated by further research, the drive of water 
a specific form of stimulation in a spe- 


nerve cells, when in 
which induce water-sca 
pretations are substanti 
deficit will be describable as 
cific area of the hypothalamus. 


We should not overlook, however, that sens 
serve in man, and probably in many other animals, to supplement the 


underlying drive. Since both would normally occur prior to drink- 
as learned behavior patterns develop, either alone 
havior. Moreover, in so far as states of in- 
gularly accompanied such learning, 


ations from the throat 


ing behavior, 
Would serve to elicit that be 
ar tension had re 
such states also could be expected to elicit learned drinking behavior. 
nal drinking behavior when not “ thirsty ” and 
a state of water deficit can be explained. We 
ater about tension as a motive. For the present 
hat induce drinking behavior 


creased muscul 


Thus, our occasiot 
when certainly not in 
shall have more to say! 
it is sufficient to point out that motives t 


are not confined to pure water deficit. 
The General Drive of Food Deficit. It is well known that man 


and other animals react selectively to certain foods but that at times 
they will eat almost anything. Selective eating will be discussed in the 
next section. Here we consider the general state of food deficit which 


occurs when an organism has not eaten for some time or has eaten in 
D A i, 2 
tenance. We are apt to say that it is 


amounts inadequate for its sus 
ent behavior to hunger sensations, 


8 hungry ” and attribute concur) 
but such a statement is incomplete. 
we call hunger or hunger pangs. an 
treme contractions of the muscles of a 


Although the sensations which 
d which arise in part from ex- 
n empty stomach, undoubtedly 
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do aid in inducing eating behavior, they are no more necessary for 
it than is the sensation of thirst for drinking behavior. For example, 
the entire stomach can be removed in man and replaced by the upper 
intestine but he will continue to eat normal amounts and feel the 
urge to eat. Similar results occur after vagotomy, an operation some- 
times performed on patients who have severe ulcers of the stomach. 
Although such an operation reduces stomach activity and eliminates 
sensation from the stomach, the patients eat normal amounts of food. 
Similar findings have been reported for experimental animals. We 
are forced to conclude that the drive of food deficit is more than 
hunger sensation from the stomach. 

Other experiments Suggest that the drive is some factor in the 
blood stream. If the blood of an animal who has been starved is in- 
jected into the circulatory system of one which is well fed, stomach 
contractions are intensified. If the reverse experiment is performed, 
stomach contractions are inhibited. 

The search for this factor in the 


blood, which apparently deter- 
mines both stomach motility and e 


ating behavior, has not yet proved 
fruitful. A logical guess. was blood-sugar level but research here has 
been indecisive. Recent research suggests that it may be low blood 
levels of certain amino acids 


alone or in combination with low blood 
sugar. Other experiments suggest that, whatever the blood factor 
may be, like the water deficit drive, it acts via the hypothalamus. 
For example, lesions in the lower and central regions of the hypo- 
thalamus will lead to voracious eating. Animals so prepared will eat 
most of the time and soon double or triple their body size. On the 


other hand, stimulation of the Posterior hypothalamus decreases 


stomach contractions and eating behavior; and certain anterior hypo- 


It seems clear, then, that 
hypothalamic nuclei to 
and cating behavior, 

Before terminating this section on general food deficit, one unique 
experiment should be described, It involved conscientious objectors 
during World War II who submitted to a deficient diet for 24 weeks. 
It is significant in that it demonstrated under controlled conditions 
the wide-spread effects of food deficit. The subjects became fatigued, 
had little energy for any sports or work, and were easily irritated. 
Gradually they lost interest in practically everything but food. They 
dreamed night and day of the next meal or of past feasts. Conversa- 
tion lagged but, if it occurred, it usually dealt with foods or things 
associated with food. A favorite pastime was looking i 


g at pictures of 
foods in magazines and reading cooking recipes. Some subjects even 


thalamic lesions completely eliminate both. 
some factor in the blood acts on anterior 
produce both stomach contractions 


Specific Food-Deficit Drives 323 


collected such material in scrap-books. Finally, as starvation pro- 


gressed. they became more apathetic and morose. If they showed en- 


thusiasm about anything it was about food. 
While some of the change in behavior shown by 
ated physical condition (the average weight 
loss was 30 pounds) this cannot explain their obsession with food. 
Apparently biological drives can determine much of the behavior of 
man if they persist unreduced, but we have few well-controlled ex- 
periments like this one to demonstrate the extent to which this is 
possible with a single need-state. 
Some Specific Food-Deficit Drives. Although the drive discussed 
in the preceeding section probably is physiologically specific, the ma- 
terials that will reduce or remove it are relatively nonspecific. Man 
can live for long periods on proteins, or carbohydrates, or fats; but 
in so doing he will develop cravings for other specific foods he has 
is some evidence that his sense of taste will change. 
rue if he is deprived of certain mineral salts, such 
After lack of either, or after injury to 
athyroid glands whose hormones con- 
and calcium respectively, he 


these men can be 


attributed to their debilit 


known and ther 
The same holds t 
as sodium chloride or calcium. 
the adrenal cortices or the par 


trol the metabolism of sodium chloride 
will consume large quantities of these salts and they taste “` good 


to him. 

Most of what we know about such specific drives has come from 
experiments on food or mineral selection in rats. Some of the major 
findings are summarized: (1) some animals, but not all, will select 
a period of time if given an opportunity to do 

d or decreased by lowering or rais- 
they will consume more or less 
and lactation, when certain 


an adequate diet over 
so; (2) if caloric needs are increase 
ing the environmental temperature, 
3) during pregnancy 
tain foods are needed more than at other times, 
will select additional amounts of the needed 
noval of the pancreas, the adrenal glands, or the 
ir diets and choose foods or minerals 
a the operation has de- 


carbohydrates; ( 
mineral salts and cer 
female rats usually 
foods; (4) after ren 
parathyroids, rats will alter the 


that can be best assimilated or those of whicl e 
prived them; (5) habits of food selection in given environments will 


interfere with adequate food selection in those er 
Such conclusions arë int They tell us that specific drives 


exist, but they tell us little a 
chologist who is responsible for 
specific need-states serve to low 
substance. And he has shown tha 
taste sensations are severed, rats I 


vironments. 


eresting. 
bout the nature of those drives. The psy- 
much of this work believes that such 
er the taste threshold for the needed 
t if the afferent nerves which mediate 
no longer select needed salts. Another 
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experiment has shown, however, that there is no apparent difference 
in sensory threshold to salt in normal and adrenalectomized yat: 
Perhaps it is just a matter of salt tasting “ good ” toa rat that needs it. 
We shall discuss this possible “ sensory pleasure ” in a later section. 
Some Specific Needs without Drives. We already have indicated 
that not all need-states have associated drives and have mentioned in 
this connection both oxygen deficiency and hypothyroidism. Now we 
discuss them a bit more fully and add some others. Oxygen, of course, 
constitutes one of the major biological needs, We can live without 
it for only short periods of time and a deprivation of only 8 minutes 
will permanently damage nerve cells of the CNS. 


The living organisms that we know, however, probably always have 
lived in an environme 


nt replete with oxygen, Hence, any which have 
been sensitive to oxygen lack have not been favored in evolutionary 
history. Today, few organisms react markedly to O, deficiency. Man 
possesses some tissues that are irritable to lowered O, in the blood 
Stream (cf. Chap. 16) but they have little effect on his behavior be- 
yond slightly increasing the rate of his breathing. He may be placed 
in artificial environments which are deficient in Ou such as high alti- 
tudes or similar conditions in a low-pressure chamber, and, in the 
absence of instruction, he will not recognize his need-state. Instead, 
ironically, he will tend to see the world and himself through “ rose- 
colored glasses.” Even though his motor skills deteriorate and his 
writing becomes illegible, he will think that he is performing su- 
perbly. His judgment becomes impaired and he is unaware of it. In 
short, there is little oxygen deficiency drive. 

In Chapter 15 we discussed the ma 
ganisms and indicated their necessity for functional integrity. Defi- 
ciencies of any of them will drastically alter behavior and may even 
lead to death, but we have no evidence that drives are associated with 
any hormonal deficiencies as such. Behavior will be modified, as is 
the case with O, deficiency. Some deficiencies wil] produce specific 
drives of other sorts as we have seen in the case of deficient cortical 
steroids (salt craving) , or parathormone lack (calcium craving) , and 
some will serve to decrease sexual behavior as we shall see later; but 
no hormone lack directly serves as a drive because no such deficiency 
selectively activates the CNS. 

Vitamin deficiencies are similar. 
known to be necessary for normal organismic function, none is 
known to provide selective drives, There is some evidence tl 
ciencies in some of the vitamins do produce prefer 
foods or liquids that normally contain them, 


jor hormones of vertebrate or- 


Although many vitamins are 


nat defi- 
ences for those 
For example, rats can 
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learn to select foods or liquids that contain some vitamins of which 


they have been deprived and man devel 
adequate except for vitamins. The 


on learning but, like 
y also. Much re- 


ops cravings for fruits and 
vegetables even though his diet is 
source of such specific urges probably depends 
others we have discussed, may depend on taste qualit 
search will have to be completed before we can say more. 


Drives Associated with Environmental Temperatures. 
dy temperature, and its related drives, 


ays. We might have spoken of a “ drive 
for adequate temperature,” but the concept would have been diffi- 
cult to defend. Instead, in using the terms “ thermal deficit ” and 
thermal excess we more nearly approach the drive conditions and, 
moreover, provide a transition from deficit need-states to excess need- 


The need 


to maintain an adequate bo 
may be described in many W 


states, 

All organisms (and m 
for optimal performance. 
break down and, without temper 
about it. Organisms do something. 


achines, also) need appropriate temperatures 
If temperatures become extreme, machines 
ature-sensitive circuits, do nothing 
They react to temperatures which 
their optimal function. Thus, they react to 
atures by specific reflexes and by avertive 
ar birds and mammals, have developed 
anisms which permit a considerable 
her environment. Al- 


are inappropriate for 
both low and high temper 
movements. Some, in particul 


sensitive heat-regulatory mech 
yithout retreat to anot 


chanisms vary in different species they have 
control of heat loss at the body surface via 
circulatory and respiratory changes; (2) control of body surface tem- 
ation of water, usually sweat; (3) internal heat 
muscular activity. 

ratures, of course, are closely related, 
but are essentially different in animals with ample sweat glands. For 
areas of the body is decreased in cool and in- 
atures, and the temperature of the 
by the amount of sweat evapora- 
s low and sweat evaporation is 


range of adjustment“ 
though such reflexive me 
three common factors: (1) 


perature by evapo™ 
Production by alterations in 
Heat loss and surface tempe 


them sweating from most 
creased in warm external temper 
skin and surface blood is influenced 
tion. Thus, when external humidity i 
rapid, greater surface cooling occurs and greater external tempera- 
tures can be tolerated. Panting serves a similar function, particularly 
sweat glands; and the elephant, who apparently 


in animals with few 
makes good use ol his trunk as a unique 


Neither sweats nor pants, 
sprinkler system. 
The amount of heat 


largely by the amount of blood close to t 
relative vasoconstriction or vasodilation in the small blood vessels 


loss at the body surface, however, is controlled 


he surface, a function of the 


326 Motivation 


and the rate of blood flow. 


The third mechanism, heat production, 
also is refle 


ive in its initial stages and involves increases or decreases 
in tension in striate muscles which 
external temperatures rise, relaxation occurs and overt activity de- 
creases; as they fall, tension increases, the shivering reflex may occur, 
and overt activity usually increases. 

The optimal environmental temperature for man with some cloth- 
ing is approximately 72° Fahrenheit. Then his skin temperatures re- 
main at stable levels and his internal (oral) temperature is about 
98.6° F. With minor alterations in internal temperature alone, or 
in the environmental temperature with subsequent internal changes, 
his reflex mechanisms respond appropriately to maintain his optimal 
internal temperature. With more extreme 
behavior which will continue, as long as he is physically able, until 
his optimal temperature has been achieved and he “ feels comforta- 
ble.” He moves to the shade or into the sun, 
clothing, he turns on the furnace or the fan, 
havior is initiated by the same basic drives th 
heat-regulatory mechanisms. 


produce heat as they contract. As 


alterations he engages in 


he puts on or removes 
But such motivated be- 
at activate his reflexive 
We know a bit more about these thermal drives than we do about 
most physiological drives, but the information still is f 
plete. The drive we have called ‘ 
blood temperature higher th 


ar from com- 
“thermal excess“ seems to be a 
an that which is optimal for a given or- 
ganism, which activates temperature-sensitive 
hypothalamus and results in the 
sweating or panting 


nuclei in the anterior 
pattern of peripheral vasodilation, 
and muscular relaxation. The 
produced experimentally in an anesthetized animal (without the 
muscular changes, 


of course) by even slightly heating the hypo- 

thalamus; and destruction of the anterior hypothalamic nuclei de- 
stroys the pattern. It is unknown whether or not the 
ceptors of the skin contribute signific: 
The thermoreceptors of the 
probably are of major importance in eliciting heat rete 
duction. Not only are there many more of them th 
spond to warmth, (cf. Chap. 9), but the 
without producing heat-retention respor 


pattern can be 


temperature re- 
antly to the response, 

skin that respond to cold, however, 
ntion and pro- 
an those that re- 
hypothalamus may be cooled 
Ases. Since such responses are 
lost after destruction of posterior hypothalamic nuclei, it is assumed 


at retention and production 
is located there and that it is activated directly 


discharge of afferent fibers associated with ‘ 


that the thermoregulatory center for he 


or indirectly by the 


“cold” receptors in the 
skin. In some species, at least, it is probable that a portion of the ac- 


tivation is attributable to downward discharge to the hypothalamus 
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from the somesthetic projection area of the cortex, because lesions 
there will interfere with heat retention. 

We see, then, that we cannot speak of a single primary“ drive for 
adequate temperature ” but instead must speak of at least two drives, 
and possibly more. Until their precise nature is understood, we can 
think of (1) a drive of thermal excess, as being essentially an in- 
creased blood temperature that activates the anterior hypothalamus 
and effects heat loss, and (2) a drive of thermal deficit, as being essen- 
tially a central afferent discharge from cutaneous receptors that acti- 
vates the posterior hypothalamus and effects heat retention and pro- 
duction. In man at least, however, we can speak of a learned motive 


to provide an adequate temperature. He prepares himself in many 
igh thermal drives have 


ways to tolerate extreme temperatures. Althou 
seldom been used in learning experiments, It seems probable that 
come motivated, through 


rve to maintain an ade- 
Whether they normally 


many infrahuman animals also could be 
learning, to engage in behavior that would se 
quate temperature for them at a future time. 
do so is debatable. 
Drives Associated y 


tion. A number of drive 
ucts in the body. Often the elimination of excessive accumulation is 


largely reflexive in character but, if elimination is even temporarily 
prevented for any reason, it becomes an important determinant of 
behavior, Prominent among such drives are excess CO,, urine, fecal 


vith Waste Products of Metabolism and Diges- 
s arise from the accumulation of waste prod- 


matter, and “ fatigue.” The last is least well understood and probably 
Most significant in determining our daily behavior, so we discuss it 
first. 

Fatigue. Fatigue (psychological), as we shall employ the term at 
the moment, is a feeling or perception that usually increases with 
Work-output and with time elapsed after rest or sleep. The under- 
lying factor or factors that give rise to feelings of fatigue would be 
the drive or drives, but we do not know their nature. Some research 
Suggests that a major factor in fatigue is the accumulation of lactic 
acid in muscle tissue and in the blood as a result of muscular contrac- 
tion. Even if this proves true, we do not know the mechanism by 
which it induces rest (muscular relaxation) or sleep, and we do not 
even know that the drives and central mechanisms are identical for 
rest and for sleep. What is known about the central control of sleep 
is discussed elsewhere in this text (cf. Chap. 23) and will not be re- 
peated here. We can say little more except to hazard the guess that 
the drive of “ fatigue ” will prove to be one or more factors circu- 
lating in the blood stream and will be found to determine the un- 
conditioned responses of both rest and sleep. 
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Excess carbon dioxide. Carbon dioxide excess has already been 


mentioned in connection with respiration and the need for oxygen. 
In organisms with lungs, the major loss of CO, occurs there; and re- 
flexive breathing is largely controlled by nuclei in the medulla ob- 
longata of the brain stem which are irritable to even slight increases 
in CO, in the blood stream. 

As metabolism continues in body cells, the oxidation of food is ac- 
companied by the liberation of heat, CO, and water, H,O, and other 
waste products. The latter will be discussed in the next paragraph, 
and heat loss already has been considered. Normally, CO, loss pre- 
sents no problem and reflexive breathing both supplies us with oxy- 
gen and eliminates excessive CO.. However, if this elimination is in- 
terfered with (as by holding the breath or by breathing air with 
greater than normal amounts of CO.), rapid and deep respiration 
soon occurs with feelings of suffocation. If the condition is not self- 
imposed or cannot be terminated, greatly agitated behavior will ap- 
pear, followed by unconsciousness, and finally death. In our normal 
environment, the drive of CO, excess is of little psychological sig- 
nificance. In an environment of greater CO, concentration, it would 
he an important determiner of behavior, 

Water and other waste products. Water and other waste products 
of metabolism are largely filtered from the blood b. 
excreted as urine. The drive of urine excess is a pressure phenome- 
non in the bladder and possibly other portions of the genito-urinary 
system. In lower animals, it operates reflexively 
higher animals, such as the dog 


y the kidneys and 


at spinal levels; in 
it may involve brain stem centers 
and induce searching behavior and particular postures which differ 
for males and females; and in man, in some cultures at least, rather 
complex behavior patterns may be elicited which depend in part on 
learned motives. The significance of the basic drive itself as a de- 
terminant of behavior is easily demonstrated when urination is pre- 
vented or voluntarily inhibited for some period of time, Under such 
conditions, as one unique experiment has shown, there is loss of abil- 
ity to concentrate on other matters and a marked increase in muscu- 
lar tension and restlessness. 
Other waste products of metabolism and undigested materials ace 
cumulate in the lower intestines and stimulate pressure 
them that induce defecation. Here also the behavior is largely re- 
flexive and is mediated pl imarily at spinal levels, But à 


receptors in 


PCA again, if prompt 
defecation is prevented or voluntarily inhibited, other centers be- 
T Nerease and wide- 
spread behavior changes occur. Thus, the drive Of feces 


come involved. Muscular tension and restlessness 


excess is of 
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little psychological significance unless its prompt reduction does not 
occur, 

Drives Associated with Other Sources of Tissue Damage.* All 
of the drives we have discussed can, under certain circumstances, 
produce tissue damage. We should give some attention, however, to 
other sources of tissue damage that may serve as drives. In general, 
they are of two sorts: (1) excessive foreign matter in the body, 
and (g) agents that cause pain. 

Excessive foreign matter. Asa drive this has received scant atten- 
yet it may be as significant in determining 
re commonly discussed drives. Witness the 
something that doesn't agree with 
him,” or who has gotten something in his windpipe.” The first may 


lie down, may search for an “ anti-acid,” may seek a place to regurgi- 
c. The second will engage in a fit of 


tion from psychologists, 
behavior as some of the mo 
actions of a man who has eaten 


tate, or may even use an emeti 


coughing and show other signs of 
Matters that are foreign to the body may enter it at any of its 


orifices or by penetrating the skin. Pain fibers frequently are stimu- 
lated, but often the situation may be regarded merely as uncomforta- 
ng. The latter seem reducible to two factors — particu- 
and excessive pressures. For example, gas in the 
h, primarily stimulate internal 


agitation. 


ble or distressir 
Jar chemical irritants 
Stomach, or food between the teet 
pressure receptors and elicit behavior even though no pain is in- 
volved. While over-distension of the stomach may be painful and 
may induce nausea and vomiting, the latter response patterns more 
particular chemical irritants which typi- 


frequently are produced by 1 
ant but not painful. So with foreign mat- 


cally are regarded as unpleas 
ter in the lungs, such as the congestive accumulation with a chest 
td . 


cold. But in the trachea (“ windpipe ”’) where there are more pain 
receptors, or in the eye where there are even more, pain is more 
frequently a part of the reaction. ; 

We shall not attempt to catalogue the various responses that are 
elicited by excessive foreign matter in various parts of the body. 
When they occur, they often dominate other behavior but they occur 
infrequently. One, the pattern of n 
As was pointed out in Chapter 9, it also 
he vestibular apparatus. We refer to 


ausea, seems to be of some sig- 


nificance, psychologically. 
may be elicited by motion, via t 
it again in the next chapter. 


be considered here, or as a separate cate- 


cessive production of hormones could 


2 but. although excessive hormone levels alter behavior and mav induce additional 
pel r and although they often cause tissue damage. they represent atypical states 


Wa all outside the purview of the present text. The drive properties of such states as 
iyperthyroidism or hypergonadism should not be overlooked, however. ana in a later 


ection we shall mention the effects of normal variations in female gonada’ hormones. 
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Agents that cause pain. 


Pain-producing agents are important de- 
terminers of behavior, 


They commonly are regarded as sources of 
tissue damage, but there are many exceptions in particular, mild 
electric shocks that are painful yet do not harm the body. Moreover, 
if pain fibers are nonfunctional, 
without inducing behavior. We 


extensive tissue damage may occur 
are forced to conclude that it is the 
central volley from pain fibers which must be regarded as the drive to 
much avertive behavior — not the“ 


need to prevent tissue damage. 
Since the subject is of particular 


importance in physiological psychol- 
ogy we shall consider it in some detail. 


Pain as a Drive. In Chapter 8 we discussed pain as sensation. In 
the next chapter we shall reg 


gard pain as a primary emotional re- 
sponse. Here we discuss it as 


an important drive in human and ani- 
mal behavior and emphasize the fact that the 


not necessarily unitary. It might be better if we had entirely different 
terms to designate the different aspects of the effect, but since we do 
not we shall have to be content with “ the sensation of pain,” the 
response of pain,” and the “ drive of pain.” 

Pain-producing agents may induce reflexive 
or averts them at once. As such they are 
than the agents that induce a single 
they persist, however, the behavior persists and we speak of motiva- 
tion. We might attempt to list all the agents that produce persisting 
pain and refer to them as the “ drives ” in avertive behavior, a pro- 
cedure we have followed in this chapter when we have talked about 
specific deficits or excesses. Here, however, the important factor seems 
to be continued activation of pain fibers. So, as was the case for heat- 
retention behavior, we regard the central discharge 
ferent neurones as the drive. 


effect of stimulation is 


action that eliminates 
of little more importance 
cough or a single eye-blink. I 


of a group of af- 


As you know, pain fibers project to the die 


Neephalon, Some re- 
flexive avertive behavior patterns 


d at Spinal levels, but 
that continues as long 


are mediate 
the variable and persisting organized behavior 


as painful stimulation continucs seems to be organized largely at the 
diencephalic level. The cortex may be unnecessary for £ 
but adds to its smoothness and direction. Further, 
from prefrontal lobotomies in humans (cf. Chap. 8) that de fontai 
cortex contributes to reactivity to pain. After bilateral lobotomy the 
pain is still perceived but has lost some of its Power as a drive. Thus. 
in man at least, the CNS mechanisms by means of Which the drive 
of pain induces behavior may extend from the lowest levels of the 
spinal cord to the most recently acquired areas of e irre 

It is important to emphasize that the Perception 6 


its occurrence, 
there is evidence 


r experience of 
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pain is not necessary for the operation of the drive of pain. Animals 
with transverse sections of the brain stem at different levels will make 
such attempts as they are able to eliminate pain-fiber-stimulating 
agents, as will decerebrate preparations. And man under light anes- 
thesia will do the same even though he feels no pain.“ Undoubtedly, 
however, the perception of pain in intact humans, and presumably 
in other animals, may be regarded as contributing to the total motiva- 
tion resulting from the stimulation of pain receptors. Whether or 
not the emotional response contributes is a question that we shall 
discuss later. 

The Drive of Sexual Excitement. Much has been written in the 
last half century about the gonadal hormones and the sex drive.” 
In recent years, however, the increased amount of research on sexual 
behavior in man and other mammals has indicated that there is no 
simple one-to-one relationship between level of any gonadal hormone 
and amount of sexual activity- Most investigators agree, however, that 
sexual excitement or arousal has certain definite signs in mammals 
and that it is followed by augmented overt sexual behavior. Most will 
agree, also, that many factors enter into the occurrence or lack of oc- 
currence of sexual excitement. In the next chapter you shall find that 
We regard sexual excitement as one of the primary forms of emo- 
tional behavior. Here we shall regard the organismic state associated 
With such arousal as the drive of sexual excitement, much as we have 
Sugeested previously that pain serves as a drive. 

Sexual excitement in male and female mammals has some common 
and some different characteristics. Common throughout all species 
nescence of erectile tissues in the genitalia and 
body, in particular, the nipples of the breasts; 
r the tactual or other stimulation that has 
) first decreased, then increased muscular 


investigated is (1) tur 
Other portions of the 
(2) a tendency to furthe 
elicited the tumescence; (3 
activity as stimulation is continued; (4) semiconvulsive muscular 
activities (orgasm) ; followed by (5) muscular relaxation. The be- 
havior described in (4) and (5) seems to occur less consistently in 
females than in males, but may occur in both sexes of all species that 


have been investigated. 
Many differences between males and females also are demon- 


strable: (1) males are more often aggressors; (2) males engage in 
more sell-stimulatory behavior of all sorts; (3) single orgasms are 
typical for males, atypical for females; (4) females are more often 
passive, males more often active in reproductive behavior; (5) when 
receptive, females engage in sexual behavior more frequently than 
do males; (6) in infraprimate mammals, females usually will respond 
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only during estrus whereas males of most species are responsive to 
sexual stimulations over longer periods of time. 

The foregoing comments by no means exhaust the similarities ka 
differences in sexual behavior among males and females of either in- 
fraprimate or primate and human species. They do serve to accentu- 
ate some of the similarities and differences. Concerning sexual Walks 
ment in general, tumescence of genital tissues seems to be its initial 
manifestation. Since it may be produced after total section of the 
spinal cord, it is essentially of reflex origin; and it is elicited by me- 
chanical stimulation of some but not all tactile receptors. There 18 
evidence that in some infrahuman mammals, c 
visual stimuli alone are able 
has occurred, many kinds of s 

Since tumescence m 
not depend on high 
drogen levels increase 
however; and in some 
occurs exce 


ertain olfactory or 
to elicit it; and certainly after learning 
timuli may release it, especially in man. 
ay occur in young organisms it obviously does 
blood levels of gonadal hormones. High an- 
the frequency of its occurrence in both sexes, 
infraprimate female mammals it rarely if ever 
pt when estrogen (and sometimes also, progesterone) 
level is high. Castration of young mammals markedly reduces it; but 
if castration occurs after puberty, the results vary with species, sex, 
and individual differences. In humans and male anthropoid apes, 


sexual activity may even be increased by such an operation, although 
it often is decreased in hum 


an males. In infraprimate males there 
usually is some decrease and 


in females of some species, sexual be- 
havior totally disappears after castration. It may be concluded that 
although levels of gonadal hormones are not 


always necessary for 
sexual excitement they facilitate 


its occurrence, The mechanism of 
this facilitation is not known, although some 
that both male and female gonad 
hypothalamus. 

The influence of gonadal hormones js most cle 
behavior of most infraprimate females, 
and behavioral change associated w 
Chap. 15) and usually with ovulation. At such times, the animal be- 
comes more active, her body odors serve as powerful releasers for 
male sexual arousal, and she becomes more receptive to males and 
other females and readily assumes the reproductive posture typical 
of her species. During her periods of estrus, but only then, she will 
engage in extensive sexual activity. Such behavior is known to de- 
pend on high levels of estrogen and, in some specie. 
After castration it disappears, but may be reinstated 
jections appropriate to the species, 


investigators believe 
al hormones act directly upon the 


ar in the estrus 
a period of physiological 
ith the reproductive cycle (ck. 


S, progesterone. 
by hormone in- 
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Further evidence of the significance of gonadal hormones comes 
from experiments in which female animals have been injected with 
androgen. Although results are not entirely consistent, they most 
often include increased aggression and the assumption of male pos- 
tures in sexual activity, in both normal and castrated females. In- 


jections of estrogen in male animals have less specific effects but may 
sexual behavior. Gonadal hor- 
d influence in part 


the nature of sexual behavior, and the higher and more continuously 


Maintained androgen level in males probably accounts for much of 
their ereater aggression and total sexual activity. 

t had the attention it deserves is 
exual excitement in relation 
pically discharge a small 


facilitate the appearance of female 
Mones thus contribute to sexual excitement an 


One male characteristic that has no 
the waxing and waning of the drive of s! 
to sexual activity. Since male mammals ty 
amount of semen at the height of sexual activity and, after one or 
several such ejaculations (depending on species and individual dif- 
ferences) , do not again become tumescent or otherwise sexually ac- 
tive for some time, it has been believed by some investigators that 
minal fluid itself contributes in some manner 


the accumulation of se 
male. Future research must determine the 


to sexual excitement in the 
truth or falsity of the assumption. 

In conclusion, it should be stated that the mechanism by which the 
drive of sexual excitement induces reproductive behavior is not 
known. It is certain that the drive is not simple, and probably we 
Should speak of several drives which may differ in males and females 
and may operate in different manners. Moreover, the many other fac- 
tors which influence sexual excitement must be taken into account. 
For example, some that are known to reduce it are fatigue, anxiety or 
fear, hypothyroidism and other endocrine deficiencies, and dietary 
deficiencies. Facilitating states are summed up rather neatly by one 
author who says that the best aphrodisiacs are good health, plenty of 
sleep and rest, and a full stomach. 

Another way to approach the problem is in terms of the autonomic 
Nervous system which is extensively involved in sexual behavior. We 
shall have more to say about that involvement in the next chapter. 
Here we wish merely to point out that tumescence is a parasym- 
pathetic reflex and excessive sympathetic activation in the sacral re- 
gion prevents its occurrence. Thus, agents which selectively activate 
these two branches of the ANS will selectively facilitate or inhibit this 
major characteristic of initial sexual excitement. 

It is not surprising, then, that research finds the hypothalamus nec- 
essary for integrated sexual behavior and suggests that it is here that 
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the gonadal hormones have their effects. Other experiments have 
shown, however, that cortical lesions may selectively decrease mor in- 
crease * sexual activities and that male mammals are more affected 
than females by such lesions. Males also are more affected by the ex- 
perimental destruction of olf 
and some investigators now 1 
ticular, sexual arousal 


lactory, visual, tactual, or other senses; 
believe that for male mammals, in par- 
and reproductive activity depend on the sum 
total of activation of the CNS resulting from gonadal hormones and 
appropriate sensory stimulation. 


One other factor deserves comment here — the fact that once sex- 


ual excitement has occurred organisms attempt to further it, up to a 


certain point. In man, it is recognized as a form “ pleasure.” In Chap- 
ter 21 we shall discuss initial sexual excitement as a unique form of 
pleasure. In a later section of this chapter 
pleasure in general as a drive. 


Other Drives in Reproductive Behavior. As Table 20-1 indicates, 


care of offspring is just as necessary for species continuation as is sex- 
ual behavior, and the behavior h 
attributed to“ maternal ” 0 


> we shall comment on 


aving to do with such care is often 
r “ paternal ” drives or “ instincts.” Since 
man seems to show little or no unlearned behavior in caring for his 
progeny, we shall give the problem scant attention. A word is in 
order, however, concerning such behavior in lower animal forms. 
Some activities such as migration, the selection of breeding 
grounds, and preparation of a nest or burrow are known to be at- 


tributable to altered pituitary and gonadal hormone secretions and 
have been varied experimentally. Thos 


or after egg laying and hatching, have 
to female physiology. All such beh 
and is the subject of much rese 
ethology. 


e that occur after parturition, 
been most studied in relation 
avior shows wide species variation 
arch in comparative psychology and 


Maternal behavior has been studied mo: 
the laboratory white rat. It involves a complicated pattern of nest 
building, parturitional postures, biting the umbilical cords, eating 
the placenta, cleaning the young, suckling them, and retrieving them 
if they Stray from the nest. Such behavior typically occurs when levels 
of prolactin are high and parts of it may be induce 
tional females or males when injected with th 
lar results have been obtained in other mamm 
prolactin serves as the drive for maternal b 
there is contrary evidence. Some forn 


st thoroughly perhaps in 


d in nonparturi- 
is hormone., Since simi- 
als, it might be said that 
chavior, Unfortunately. 


r ns of Maternal] behavior may be 
induced in nonparturitional females and uin males by a number of 


means and after hypophysectomy. Obviously, we know little about 
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the drive or drives that induce care of the young — hence the ques- 
tion mark in Table 20-1. 

Other Possible Drives. We now have exhausted the classification 
shown in Table 20-1 but something remains to be said. In this sec- 
tion, we shall consider what makes dogs or cats explore new environ- 
ments, what causes monkeys and human children to manipulate those 
portions of their environments that can be manipulated, and what 
accounts for play. Are there specific drives that induce these different 
forms of behavior, or can all be accounted for otherwise? 

Most psychologists speak in some fashion of a drive for explora- 
tion ” because the fact has been established in many laboratories that 
Mammals, such as the rat, not only typically will explore a new en- 
Vironment but may do so before reacting to other drives. Some au- 
thors speak instead of a“ curiosity drive,“ especially if they are think- 
ing of young children or monkeys. Some speak of a drive to manipu- 
late,” or of a drive to know,” ora “ drive to perceive ; and many 
Speak of a drive for play,“ because of its frequent occurrence in 
the young of most mammalian species. And, finally, many speak of a 
drive for activity ” which they may or may not relate to others men- 
tioned here. At least one author puts them all together and claims 
that “ capacity is its own motivation.” è Or, to put it differently, there 
is a drive for each activity of which an organism is capable. 

This last point of view is a tempting hypothesis but the evidence 
y support it. We know, for example, that many activi- 
anism is capable are induced solely by external 
1s, many reflexes would be so classified. We have 
that persisting behavior may de- 


does not entirel 
ties of which an org 
Stimulation, and, the 
Seen also, in Machina speculatrix 
Pend solely on structure (capacity) and external stimulation. So we 
capacity is its own motivation“ has little mean- 


See that the phrase“ 
Ing. All persisting activity does not demand an underlying motive. 
For example, when the eyes of a human infant of three months of 
age focus on and pursue a moving light, we do not have to infer a 
drive to perceive ” or a “ drive to know.” Nor do we have to postu- 
late a sensitizer, This is an activity of which the average three-month 
old child is capable and, in the absence of other prepotent stimuli, 
one which is elicited by a moving light. 

è One thing is fairly certain. Much spontaneous activity does occur 
in healthy growing mammalian organisms and probably in most 
others whose skeletal movements are effected by the specialized tissues 
we know as striate muscle. Although such activity often is attributa- 
ble to other drives we already have discussed, it seems probable that 
it occurs also in their absence. We may speak then of an activity- 
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producing drive and search for it in the metabolites of growing mus- 
cle. Such activity in a new 


environment could easily be called ex- 
ploration or curiosity, 


and in organisms that have the capacity for 
manipulation it might be so styled. Moreover, it might be called play. 

If any such activities were in any way rewarding to the individual 
organism, they would not only be repeated but would become condi- 
tioned to specific external or internal stimuli or both. If such aciga 
ties were nonrewarding or pain-provoking, however, they would dis- 
appear. This, it seems, is what we actually find. Not all animals who 
can do so actually explore, play, manipulate, or show curiosity. Some 
retreat from every new situation. For the present, then, we shall 
assume a drive underlying spontaneous activity in many growing or- 


ganisms, but shall speak of play, manipulation, and exploration as 


particular and permissive manifestations of this general activity. Its 


as sophisticated adults, is your tend- 
pon awakening, or your occasional de- 


e of exercise, Perhaps the most healthy 
of you may even experience what has been called “ the joy of sheer 
movement.” One psychologist refers to it as ‘ 
We shall refer to it again in Chapter 21. 

Is There a Pleasure Drive? 


most obvious counterpart in you 


” 
‘functional pleasure. 


Pleasure commonly is regarded as an 
emotion, and the urge to continue Pleasure-producing activities 18 


strong in all of us and probably in other animals as well, We have 
indicated that pain and sexual i 


and also contribute drives, If your study of psy- 
chology, you soon will hear much about anxiet 


17 2 as a drive, yet you 
will discover in the next chapter that we treat anxiety as an emotional 
response. 


are emotional responses 


Such statements about emotion and driv 
you remember what we emphasized for p 


ment: (1) that the effect of Pain: receptor activation is not unitary, 
but typically involves Perception, emotional response, and drive; 
se, 


(2) that initial sexual excitement, as a response, may set up new con- 
ditions in the body that induce other behavior, 


It might be argued that all drives produce emotional responses 
and all emotional responses set up new Motives, but we shall not 
pursue the point here. The first part of the argument is mentioned in 
the next chapter. The latter Part must rest upon future research con- 
and thei 


e will be less confusing if 
ain and for sexual excite- 


cerning the nature of emotional responses T stimulus proper- 
ties. So the answer to the question we have raised about a “ pleasure 
drive“ also must await a more detailed description of pleasure as a 
response. 
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because it seems to be an im- 


We have raised the question only 
treatments of 


portant one that often is omitted from introductory 
Motivation. And since we have raised it, we make a few predictions: 
(1) pleasure, as perceived by man. depends upon several different pat- 
terns of nervous discharge which induce different response patterns; 
quent patterns of such nervous dis- 
in man and other animals. More- 
concerning “ displeasure ” or 
een tested we shall know 


(2) eicher the antecedent or conse 
charge, or both, may serve as drives 
Over, similar statements may be made 
distress.“ When such predictions have b 
a lot more about motivation than we do today. 

Is Muscular Tension a Drive? In conclusion, let us state more ex- 
Plicitly that most drives have in common an arousal of greater tension 
ater overt activity. This is true 
be associated with them. The 


in skeletal muscles and gre even though 


rather specific reflex adjustive acts may 
human or other newborn organism does not know whether he is 
hunery, thirsty, cold, or has the colic; and his response to food deficit, 
Water deficit, thermal deficit, or internal pain-receptor activation is 
Much the same. He awakens, his muscles tense, he becomes increas- 
ingly more active, and sooner or later crying is added to the behavior 


pattern — one which is presumed to 


activation of his nervous system. As t 
priate measures, the crying and gross activity first disappear, then 


8radually the underlying tension decreases and he returns to a state 


of sleep or at least relative quiescence. 


As he becomes older and comes to recc 
nents to them, the crying and undirected 


dom but the increased muscular tension 
ew pattern of stimula- 


depend upon greater and greater 
he drive is reduced by appro- 


ognize specific drives and 


to make appropriate adjust! 
Overt activity appear less se 
still occurs. Since it is a response and sets up a n 
tion within the body, and since it is present during the conditioning 
of specific adjustive behavior, 
rve as a conditioned stimulus for a wide va- 


the sensory pattern arising from mus- 


cular tension comes to Se 
riety of behavior. 

After such conditioning, if 
sion but no specific act, then other acts will occur that in the past 
have served to reduce tension and other drives. Thus, the young ani- 
mal or child who is “ distressed” by a new situation but does not 
know how to adjust to it, will typically do something else that has 
brought him “ pleasure” in the past. He may eat just after eating, 
drink just after drinking, or masturbate. f 

It has become fairly common in psychology to speak of tension as 
4 drive. perhaps excessive muscular tension does have special die 
properties and this certainly is true when it becomes so extreme as to 


a new situation induces increased ten- 
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produce muscular pain. To us, however, it seems more appropriate to 
look for the drives underlying tension, and to attribute tension? 
produced behavior not to a “ tension drive ” but to conditioning = 
sociated with muscular tension. For this reason we do not speak 55 
tension as a primary physiological drive; but, of course, it may serve 
as a secondary or learned motive. Some emotional responses likewise 
may be regarded as the bases for secondary motives, while some — as 
has been suggested — may be considered as primary drives. Let is 
turn, then, to a consideration of emotional behavior and its signif- 
icance in physiological psychology. 
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21 Emotional Behavior 


Introduction. Emotion is a peculiar word. Almost everyone 
thinks he understands what it means, until he attempts to define it. 
aims to understand it. Scientists who in- 
vestigate it disagree. Philosophers, novelists, and others who write 
about it disagree. But, in the meantime, we all go about our indi- 
Vidual Ways, sometimes enjoying our „emotions,“ sometimes be- 


Moaning them. 
Emotion is many things for different people. For some it is a men- 
g; for some it is series of 


tal experience; for some it is a way of acting ea 0 i 
Events occurring within our bodies; while for some it is a form of 
Motivation. Many regard most emotion as “ bad”; while others re- 
The Greeks wrote about emotion in 
and sometimes it seems we have 
t during the last 20 to 25 
a important in life, how- 


Then practically no one cl 


gard much emotion as “ good. 
Much the same terms we use today 
not learned very much about this subjec 


Centuries. Most of us still consider emotior 
we define it or how well we think we under- 


ever, regardless of how ; 
Stand it. But it is considered important for various reasons. 
st emotion as bad would hold that it should 


Those who consider mo bie sage : 
be understood so that we may better be able to minimize the disrup- 
1 to it. They might speak of the 


tions in our lives that are attributec 
Nonutilitarian significance of emotion, cite evidence of the irrational 
. d „ i = 1 
judgments reached during fear or rage as compared with the rational 
Judgments of unemotional contemplation, and emphasize the value 
inly should have to agree with them 


Of emotional control. We certai 
that sometimes emotion may do us harm; and, therefore, sometimes 


We should attempt to control it. 

Those who consider much emotion a 
tant in enriching our lives, in removing the apathy of dullness. They 
¢ alue of emotion in learning, the value of anxi- 
thics and laws that make civili- 


s good would hold it impor- 


might emphasize the v 
ety in the construction of the codes of e 
zation possible, the impetus it affords to all thought and action. Here, 
too, we should have to agree in part. We all consider the unemotional 
person as either dull, or “ cold-blooded ” and calculating. We know 
that we remember well those situations which caused strong emotion 
in us. We know that anxieties for the future lead us to plan our lives; 
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and we know that excitement, fear, or rage gives us strength for acts 
which ordinarily we would not be able to accomplish, 

Recently another reason for considering emotion as important has 
pressed itself on us. It is the growing realization that many of our 
diseases — whether called “ mental ” or “ physical  — are intimately 
related to emotion. It has long been common to regard the neuroses 
and psychoses as associated with preceding extreme emotion. More 
recently we have discovered that a host of psychosomatic disorders — 
for example, asthma, ulcers, high blood pressure, and various skin 
ailments — also are associated with emotion. All in all, regardless of 
whether we consider most emotion as good or bad, we cannot escape 
the conclusion that emotional behavior is important in everyday life. 

We shall not consider in this chapter many of the words man has 


used to describe his feelings or the more intense and sometimes more 


definite states he calls emotional; nor shall we review in detail the 
diverse psychological points of view. Others! have done this work 
more thoroughly than would be possible in a text of this nature and 
unless it is thoroughly done the end result is of little value. Further- 
more, we assume that each of you has had some introduction to the 
topic of “ emotion.” Instead, we shall present here a specific point 
of view. At present it is largely theoretical in nature and, although 
parts of it are supported by considerable evidence 
much experimental investigation. It might 
visceral action“ point of view.? Let us tr 


other parts need 
be referred to as “ the 
ace its development briefly 
and compare it with related points of view before stating it explicitly, 

Emotion as Visceral Action. The point of view that action of the 
internal or visceral parts of our bodies is the salient feature of emo- 
tion, is both old and new. It is old in the sense that Part of it was 
well described by Plato and Aristotle. It is new in the sense that 
much of it has been ignored or forgotten until recently, and in that 
the whole story has not yet been told. 

Plato thought of emotion in terms of pleasure and pain and, with 
the early cynics, for him there could be no pleasure Without prior 
pain. Aristotle gave us our first extensive classification of emotion 
ed us to this day. He em- 
phasized the striving for pleasure and the attempted 
pain; thus, he might be referred to as the first dyn 
But he, Plato, and most of the early Greek write 


and he used many terms which have follow 


aversion of 
amic psychologist. 


rs emphasized tha: 
emotion primarily is an affair of the heart, the bowels, or the womb. 


Such a theme runs through most descriptions of emotion (or pas- 


century. By this time man 
had become convinced that the brain was important. Soon the brain 


sion, as it then was called) until the 18th ce 
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came to be regarded as the “seat” of the passions (which by now 
usually were called emotions) and the subservient body was largely 
forgotten. Of course, the new breed of physicians never forgot it en- 
tirely but they were few and far between in a philosophical age. 
Gradually another breed appeared, who might be called |“ psycho- 
physiologists "; and gradually we have witnessed a reinstatement of 
the importance of the affairs of the body in emotion, In short, there 
about emotion in terms of patterns of 


is a growing tendency to think 
arly with respect to the func- 


Psychophysiological response, particul 
tions mediated by the autonomic nervous system. 
For some contemporary writers, emotion is a behavior pattern that 
occurs in the viscera and other bodily parts; but any emotional ex- 
perience that occurs in the cortex is secondary. For others, emotion 
is a cortical event wl 
occurred elsewhere — in the viscera. 
hypothalamus, or in some combination of these three. For some of 
both groups, the bodily patt 
event if it, or subsequent mental events, are to be called emotion. 
There are two entirely different points of view represented here, 
of course, and each is qualified. Let us restate them more specifically. 


nich depends upon response patterns that have 
in the skeletal muscles, in the 


ern must be preceded by a psychological 


a noncortical bodily event: consciousness of emo- 


Class I. Emotion is 
al event which depends upon the prior bodily 


tion is a ment 


event. 
Class II. Emotion is a mental event which depends in part upon other 


bodily events. 


Although these two statements seem to be similar they actually 
For example, substitute the term “ motion ” for 


are quite different. 
“emotion ” and read them agai 
definition of “ motion ” then it would follow that we could know lit- 
n a newborn human infant or in an animal other 
ent II is precisely the way emotion is defined by 
ntists and laymen) ; although often they find 
in infants and subhuman animals from what 


n. If we were to accept this second 


tle about motion i 
than man. Yet statem 
many people (both scie 


it easy to infer emotion 
they then call “emotional expression.” If such “ expression occurs 
in a decorticate animal (who, presumably, cannot really be experi- 
encing emotion) it then is said to indicate ‘sham emotion.” Such 
circumlocutions serve only to muddle further an important area of 
behavior. They are unnecessary if we employ definition I. 

Let us now consider three subclasses of these two points of view: 


Ja. Emotion is vasomotor disturbance. (This was the view of Lange, 
: s z : ý 885 
whose name often is erroneously combined with that of James.) 
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IIa. Emotion is a mental event. It is the feeling of changes occurring 
in the viscera and the skeletal muscles, which changes have been 
initiated directly by perception of an appropriate stimulus. (This 
is the view of James, who referred to “ perception of the ex- 
citing fact.) 

Emotion is a mental event. It depends upon changes in the hypo- 
thalamus which have been initiated by an appropriate stimulus. 
(This is the “ thalamic theory“ of Cannon and Bard.) 


IIb. 


These last two points of view have dominated psychology through- 
out its recent development, but both leave much to be desired. Per- 
haps most to be regretted is the fact that both claim that some bodily 
events (be they visceral or skeletal as in IIa, or hypothalamic as in 
IIb) do not produce emotion; but neither specifies the nature of the 
appropriate stimuli for those changes that will produce emotion. 
Some writers attempt to resolve this problem by claiming that emo- 
tion occurs only when learned motives are involved; thus, suffoca- 
tion or hunger would not be emotion or produce emotion, unless the 
threat to life was perceived and reacted to. Although such a view is 
commonly held and may appeal to you since you are used to it, we 
do not find it convincing. It would have to deny emotions to new- 
born organisms; and it would have to hold that identical patterns of 
bodily events sometimes are emotional, but other times are non- 
emotional. 

Such problems are resolved, however, if one adopts a class I defini- 
tion and rigorously defines the bodily event that shall be called emo- 
tion. Let us see how this works out in some statements concerning 
emotion as visceral action. 

(1) Altered activity of the autonomic nervous system and the 
tissues or organs that it innervates is the sole factor common to the 
majority of stated or implied definitions of emotion or emotional be- 
havior in man or other animals, whether described by scientist or 
layman. 

The logical reduction of such a proposition becomes, 

(2) Altered activity of the autonomic nervous System and the tissu 
or organs that it innervates is a sufficient and necessary 
emotion or emotional behavior. 


es 
criterion of 


This appears to be a straightforward statement except for the term 
“altered activity.” Presumably, each such alteration is measurable, 
and one might modify the definition by stating the units of change 
required to satisfy the designation, “ emotion.” Such an approach to 
the problem would be comparable to defining the number of inches 
a child must grow before it may be considered “ tall, 


or the amount 
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of air that must be forced into a balloon before it can be considered 
big. Let us utilize, instead, a continuum such as length or volume. 

Let us assume the bottom limit of our continuum for organismic 
emotional behavior as “ death,” a state in which there is no activity 
or reactivity of the ANS. A next step on the continuum might be that 
demonstrable in deep anesthesia, when the ANS is active but rela- 
tively unreactive to new stimuli. 

Now let us delimit the term“ emotion ” as a noun indicative of a 
State of internal (visceral) motion or action, then add permissive 
statements concerning skeletal muscle activity and mental activity, 
and then reword our proposition. 

(3) Emotion is activity and reactivity of the tissues and organs in- 
nervated by the autonomic nervous system. It may involve, but does 
| muscular response or mental activity. 
1 with autonomic nervous systems, 
continuous and the task of in- 
gree of behavior in different 


not necessarily involve, skeleta 

In living organisms equipped 
emotional behavior would thus be 
Vestigation would be to measure the de 
situations in terms of (a) activity and (b) reactivity. Techniques 
would have to be devised for valid measurements of many of the 


organs involved; for some they are available, for others considerable 


work already has been done. 

Extensive research has been reported, for example, on measure- 
ments of electrical conductance of the skin and of the galvanic skin 
response (GSR); the first, a rough measure of level of activity; and 
the second, a fairly precise measure of reactivity of sweat glands, 
Which are known to be innervated by fibers of the sympathetic branch 
of the ANS. By our definition, both measures would be expressions 


of emotional behavior and any change in either measure would indi- 


cate a change in emotional behavior. 
Work with these measures, however, forces two additional con- 


ntion. In the first place. the autonomic fibers 
that innervate the sweat glands are cholinergic in nature and are not 
alin as are the adrenergic fibers. We find, then, a 
activity following injection of adrenalin, but 


siderations to our atte 


reactive to adren 
pattern of increased SNS 
no marked change in sweating. 
sweating are well known, and many researchers have demonstrated 
change in conductance level and GSR without finding changes in 
other sympathetically innervated organs. These considerations may 
be stated as two corollaries: 

(A) Change in emotional behavior may be detectable in one au- 
tonomically innervated tissue or organ and be undetectable in others. 

(B) Change in emotional behavior may be detectable in a part of 


Furthermore, different patterns of 
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one autonomically innervated tissue or organ and be undetectable in 
other parts. 

With these corrolaries in mind, we may state an extension of prop- 
osition (g): 

(4) Change in emotional behavior is altered activity or reactivity 
ina part of one, or more, tissue or organ innervated by the autonomic 
nervous system. 

The investigator who accepts propositions (3) and (4) must devise 
techniques for simultaneous measurement of level of activity and 
degree of reactivity of many autonomically innervated functions be- 
fore he can describe, predict, and control emotional patterns. Con- 
cerning some such functions there already exists much suggestive 
evidence, some of it quite specific, which may be employed in the 
formulation of initial hypotheses. Within our own observations of 
emotional behavior in ourselves and others, and within the observa- 
tions of many others as recorded in the history and literature of all 
mankind, we have at the moment certain insights into differential 
physiological patterning of which we have made little use. At the 
very least, they furnish us certain tentative hypotheses around which 
to design more decisive laboratory experiments. Actually, some fairly 
definite steps have been taken in experimentation on physiological 
patterning and they will be referred to later. Let us consider first this 
personal information which is available to us all 


and consider some 
possible dimensions or axes of emotion. 


SOME POSSIBLE DIMENSIONS oF EMoTION 


Undifferentiated Excitement. Psychologists have long regarded 
excitement as one of the axes of emotion, Many authors speak of an 
undifferentiated excitement to distinguish it from excitement which 
is characterized by “ fear,” by “ anger,” or by “ pleasure.” We would 
conceive of undifferential excitement as a response to any undiffer- 
entiated situation, with increased ANS activity in which the sym- 
pathetic branch is markedly dominant. A close analogue to it would 
be the reaction following injection of adrenalin, but at least one 
major difference exists. Typical excitement as observed and recorded 
involves rather marked perspiration from the palm of the hand and 
other emotional sweating areas, whereas this reaction does not occur 
following the injection of adrenalin. 

The Axis of Fear. Closely allied to undifferentiated excitement 


would be a number of different but related patterns for which we 


have a rich terminology. The word “ terror” presumably would 
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mark the extreme of one axis and such words as “ apprehension X 
and “anxiety ” would characterize a less intense degree of involve- 
ment. For many years it has been known that the sympathetic branch 
of the ANS is extensively involved in fear reactions and it seems pos- 
sible that fear, as we now know it, involves one of the most clear-cut 
Physiological patterns that will be found. We even use the term, 
“ cold feet,” as descriptive of cowardice, and cold hands and paleness 
are also typical concomitants. Only slightly less obvious and less 
well recognized are the wide eyes and dry mouth of the fear reaction 
and it has been shown that the “ lump-in-the-stomach ' 
related to inhibition of peristalsis. Fear, then, is held to be character- 
ized by practically a pure pattern of sympathetic dominance and may 
differ mainly from undifferentiated excitement only in terms of its 
Psychological setting. It is believed to represent a reaction to antici- 
pated frustration and, because of its anticipatory characteristics, to be 
dependent upon learning by the organism. By this analysis, of course, 
we would speak of no unlearned fears. The original pattern would 
ilibration to noxious stimuli, and the fear pattern 
as a result of one or more 


reaction is 


be one of disequ 
would be one which becomes anticipatory 
past experiences. 8 

The Axis of Pain. Closely related to the fear pattern would be 


that of pain, however there seems to be sufficient evidence to hypothe- 


size that there will be some differences, particularly in the pattern of 
Sweating, weeping, and perhaps also heart action. It is probable that 
the essential characteristic of pain is not a particular pattern of au- 
tonomic activity, but a particular pattern of sensory activity; but we 
Would still speak of an emotional axis of pain, with “ agony ” at one 
extreme and “mild discomfort” and “ distension” at the other. 
pain receptors are prepotent in eliciting SNS 


Among the senses, 
activity. 

Exercise. Althov 
tern, it is seldom thot 
however, it falls withir 


igh exercise is a well-known physiological pat- 
ight of as an emotion. By our usage of the term, 
1 this classification since it involves altered 
activity of the autonomic nervous system. The change in heart and 
respiration rate and the panting and perspiration associated with the 
dissipation of heat are well-known aspects of strenuous activity of 
skeletal muscles. Undoubtedly, portions of the sympathetic branch 
are actively involved, but we do not find the peripheral state of vaso- 
constriction which is characteristic of the pattern of fear. Instead, 
with the pattern of heat dissipation we find marked vasodilatation in 
the peripheral bood vessels. Although the total autonomic pattern in 
exercise has never been studied as such, we can easily infer some of 
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the other changes. There would seem to be a marked decrease in 
gastro-intestinal peristalsis for we find, for example, in the person 
who is exercising strenuously, a tendency for that characteristic 
“lump-in-the-stomach,” especially if any food has been ingested just 
prior to exercise. The size of the pupil apparently has not been re- 
ported accurately, but there is some suggestion that dilatation occurs; 
and, although specific studies have not been made of salivary output. 
the mouth frequently becomes dry with strenuous exercise. Whether 
or not this is a result of increased evaporation due to mouth-breath- 
ing, or whether it is due to increased sympathetic stimulation of the 


salivary glands, is a matter for future research. It seems probable, 
however, that the physiologi 


zal pattern of exercise is characterized by 
rather extensive activity of the sympathetic branch of the autonomic 
nervous system with a superimposed p 


attern of heat dissipation. 
The Axis of Anger. 


Perhaps it is not surprising that the physio- 
logical pattern of anger, in so far as we can infer it from casual reports 
in the literature, is similar to that for exercise. Our own observations, 
coupled with those of writers for centuries, hold anger to be a 
“ warm ” emotion and not characterized by cold hands” or “ cold 
feet.” Possible exceptions may be found to these statements in the 
expressions, cold anger,” or “ cold rage,” or in such descriptions as, 
He was pale with rage.” These possible exceptions may be ex- 
plained, it is believed. The cold anger, in the sense of a calculated re- 
sponse, would be characteristically intellectual in nature and need 
not be emotional. The cold anger characterized by cold peripheral 
skin areas, which also would be pale and relatively bloodless, might 
possibly be explained as an atypical, learned, behavior pattern. 

The typical physiological pattern of anger remains to be deter- 
mined in the laboratory. It probably will be 


very difficult to artifi- 
cially arrange true ange 


r situations, but it may be predicted that if and 
when they are so arranged, the pattern will be something as follows. 
It will involve marked activity of the sympathetic branch of the ANS 
but there also will be strong reflexive parasympath 
particularly, increased salivary output, increased secretion of hydro- 
chloric acid, increased peristalsis, and peripheral vasodilation. 
Disappointment. Let us pass now to the consider. 
axis which in its initiation may be rather closely related to the pat- 
tern of anger and annoyance. In adults, both occur apparently in re- 
sponse to specific types of stimuli. In anger, the adult individual 
believes that he can do something about the matter or that he wants 
to do something about the matter; in disappointment, however, he 
believes that he cannot do anything about the matter, 


etic components; 


ation of another 


He accepts the 
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situation and does not show the typical “ emergency response.“ It is 
believed that che axis represented by disappointment, sorrow, grief, 
ete., is not a simple one. It is probably very complex and may con- 
sist of several different kinds of autonomic nervous system patterns. 

When we use such terms as sorrow or grief, we typically imply a 
Previous period of excitement. The final pattern is believed to be 
one of overcompensation on the part of the parasympathetic system. 
Here also, however, we have much to learn about the true physiologi- 
a though the lachrymal or tear glands are 
thetic system, it is to be doubted whether 
nvolvement of that system. Perhaps we 
v or grief as a reflexive pattern which is 
both branches of the au- 


cal patterns involved. Ever 
Inervated by the parasympa 
they indicate an extensive i 
should regard crying in sorrov 
Super-imposed on an actual depression o 
tonomic nervous system. 

The Axis of Sexual Excitement. A well-known emotional pattern 
is one which we might call sexual excitement. It is clear that in the 
early phases of this type of reaction, at least, the sacral portion of 
the parasympathetic system is dominant. The erectile tissues of the 
genitalia are known to be innervated by this group of nerves; and 
furthermore, in the presence of marked sympathetic stimulation erec- 
tion does not occur. Although there is some indication that increase 
in heart rate occurs in sexual activity, the pattern is by no means 
clear, There is further indication that the act of ejaculation, and pos- 
sibly orgasm, involves reflex activity of the sympathetic system. Sexual 
excitement, thus, seems to be very complex with at least an initial 
sacral phase, followed by a short period of sympathetic dominance, 
after which there seems to be a secondary phase of parasympathetic 
dominance associated with overcompensation by this latter system. 


This last pattern in sexual behavior will be more clear after we have 


considered relief.” 

al excitement undoubtedly represents one aspect of 
an beings. This feeling or experience presumably 
ation in general, but in particu- 


Initial sexu 
“ pleasure ” in hum 
is associated with mild tactual stimul 
lar is elicited by stimulation of those portions of the skin which are 


called the erogenous zones. 
Relief. A second form of pleasure is believed to be associated 


primarily with the satisfaction of needs vital to the individual organ- 
ism, i.e., with relief from basic physiological drives; thus, it would be 
conceived of as “ basic pleasure.“ As experienced by human beings, 
it is believed to involve a distinct physiological pattern associated 
with a reduction in sympathetically innervated responses and possibly 
with mild overcompensatory activity on the part of the parasym- 
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pathetic nervous system. You know that almost any type of stimulus 
induces increased sympathetic action. After the stimulus to sympa- 
thetic function has been removed, the parasympathetic system may 
overcompensate slightly before it, itself, returns to its prestimulation 
level of activity. This, it is believed, is the pattern known as relief, 
satisfaction, or gratification. Once it has been experienced and the 
anticipation of its future experience has been attached to symbols in 
the external environment, we may find 


patterns of anticipatory pleas- 
ure which may be c 


alled pleasant excitement or even elation. Before 
anticipatory pleasure could be demonstrated to a given situation, 
however, the organism must have experienced relief in a similar situa- 
tion (i.e., removal of a noxious stim 
in sympathetic activity with overcor 
tivity) . 

Other Possible Forms of Pleasure. 


and the Greek cynics, that there is no 
From such an 


ulus and consequent reduction 
mpensatory parasympathetic ac- 


One might argue, as did Plato 

pleasure without prior pain. 
argument one might conclude that relief from pain is 
the only true pleasure, and that all other 
conditioned upon it. 


We already have pointed out, however, 
pattern in initial sexu 
Since there seems no 


pleasant experiences are 


that the visceral response 
al excitement is different from that in relief. 
good reason for assuming that pain must pre- 
cede it, and since there is good reason for assuming that both give 
rise in man to experience which is called “ pleasure,” we are forced 
to conclude that there are at least two forms of pleasure. The ques- 
tion arises — are there others? At the moment w 
this question. We ca 
been sugg 


e cannot answer 
n only add that at least two other forms have 
ested which deserve experimental investigation. 
One has been called “ functional pleasure ” and it is held to be 
important in the play of young children and other vertebrates. It 
refers to the kind of experience we have when we speak of the joy of 
“sheer movement.” Sometimes it is employed in an attempt to ex- 
plain the fact that certain auditory rhythms are so wid 
(presumably, via the motor behavior they elicit). 
The other has sometimes been called“ 
carries the implication that certain perce 
ample, certain odors or tastes, certain au 
visual forms such as a given shape of 
bird) are sought after without apparent learning, while other per- 
ceptual experiences are averted. Only further research can determine 
whether we should retain these or other possible “ pleasures ” among 
the dimensions of emotional behavior. 


ely appreciated 


perceptual pleasure“ and 
Ptual experiences (for ex- 
ditory rhythms, or certain 
nest for a given species of 
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Specific Reflexive Patterns. Undoubtedly there are many specific 
reflexive patterns involving portions of one or both branches of the 
ANS which should be included in any category of emotional behavior 
as we have defined it. Some of these are more frequently considered 
as emotion than others; for example, disgust and embarrassment. It 
is obvious that embarrassment involves a specific form of autonomic 
reflex. One of the characteristic signs in human beings is blushing, or 
vasodilatation, in the head and neck regions; and we would point 
out the fact that you now use this autonomic pattern as your real 
criterion for judging the presence or absence of embarrassment. The 
remainder of the pattern has not yet been thoroughly investigated, 
but this is one emotional response, at least, which should be capable 
of rather thorough investigation in psychological laboratories. 

The same should hold true for the pattern of disgust or revulsion; 
and here we have one good example of laboratory research which 
Sives strong support to the claim that the basis for any response which 
we describe as disgust lies in reflexive parasympathetic activity in- 
volving increased tone (sometimes to the point of reversed peristal- 
Sis) in the gastro-intestinal tract.“ In many instances when the word 
disgust is used, it is obvious that there is little or no change in au- 
tonomic responses. Instead, the response is purely on an intellectual 
level, much as the “ I’m happy to meet you ” reaction, which may be 
entirely verbal and completely unemotional. Only if there is in- 
creased activity of one or more portions of the autonomic nervous 


System would we speak of increased emotion. 

Another reflexive pattern which sometimes has been included in 
Categories of emotion is t 
in this chapter, this reac 
extensive patterns of fear 
in the absence of continuit 
character we must regard it as a 
a definite change in ANS activity. 

One other definite reflexive pattern deserves some discussion. It 
yet this term is hardly appropriate. It 
he sound of a hard chalk on a black- 


hat known as “ startle.” As we shall see later 
tion is one fundamental from which more 
arise. The startle pattern is soon terminated 
ig stimulation, but regardless of its fleeting 
true emotional response. It involves 


has no name except“ shudder,’ 
is the response which we give to t 
board, to almost any “ grating” noise, and perhaps to sandpaper 
rubbed on the skin. Its pattern is known to involve pilo-erection and 
istance. By our definition it is certainly an emo- 
investigation. 


a drop in skin res 
tional response and it deserves more extensive 

In addition to the reactions already mentioned, the autonomic 
nervous system is known to respond rather extensively in many other 
situations. Reactions to humorous situations or to tickle would be 
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two examples, one predominantly intellectual in nature, the other 
predominantly physical. But the latter, as well as all ANS reactions to 
temperature, to internal infection, and to drugs 
tions, are to be considered as changes in intern 
in emotion. There probably are hundreds of s 
but we do not know. Until they 


and toxic condi- 
al action — as changes 
uch behavior patterns, 
have been investigated in the labora- 
tory we can only hypothesize, as we have done concerning some pat- 
terns which seem of most importance for psychology. Finally, we 
should say a word about patterns of reduced ANS activity. 

One author already has called “ sleep ” 
Whether or not it is entirely par 
does represent a change 


a parasympathetic reflex. 
asympathetic in nature, it certainly 
in autonomic function and, by our definition, 
a change in emotion. Sleep and rest probably represent the greatest 
reduction in sympathetic activity that may be observed in the daily 
behavior of normal organisms. As such they serve as a fitting intro- 
duction to a discussion of depression. 

Depression. At least one other fo 
havior deserves particular mention. It most typically is referred to as 
“depression ” and is most often confused in both | 
cal literature with patterns of grief, sorrow 
here to describe a condition in which at le 
and possibly both branches of the 
a hyporeactive state. 

There is some experimental evidence 
far as we know anything about the 
treme depression in man, it may 
autonomic state. The 


rm of change in emotional be- 


ay and psychologi- 
and apathy. It is reserved 
ast the sympathetic branch, 
autonomic nervous system, are in 


for this point of view. In so 
physiological pattern shown in ex- 
be described as just this hyporeactive 
re often is reduced metabolism; 
may or may not be reduced heart rate 


changes in such functions are very 


and while there 


and blood pressure, at least 
much minimized, 


Tue REINSTATEMENT OF Homeostasts 


During and following any kind of increased emotional activity, one 
finds adjustive mechanisms at work apparently directed toward the 
re-establishment of homeostasis or autonomic equilibrium. The 
mary mechanism by which this end is achieved is ove 
eliminates or reduces the noxious stimuli th 
increased emotion. Secondary mechanisms ir 


pri- 
rt activity which 
at originally elicited the 
clude 


the behavior pat- 
terns known as rest and sleep. Less frequently 


recognized as adjustive 


nich appear in skeletal 
musculature during any extreme form of increased emotion. They 


quite frequently are known as motor discharge,’ 


mechanisms are the various reflex patterns wł 


“but this would 
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seem to be an unfortunate concept. The question rarely is asked, 
“What is being discharged? ” But it usually is implied that there is 
some form of “ emotional energy” or “ emotional tension“ which 
must be reduced. 

If we accept the argument that “ emotional tension“ is really stri- 
ated muscle tension, we might be led to the assumption that the 
a discharge“ of this tension itself reduces emotion. Emotion defined 
as autonomic nervous system activity, however, does not necessarily 
include tension in skeletal muscles. Although quite frequently with 
increased sympathetic activity there is increased striated muscular 
tension, there is no known autonomic innervation of striated mus- 
cles. The effect would seem to be an indirect one, perhaps consequent 


upon stimulation of the prefrontal lobes of the cortex via hypo- 


thalamic projection fibers. We would regard increased muscular ten- 


comitant of some increased emotion — not as emo- 


sion, then, as a con 
as part of an organismic “ emer- 


tion itself. It may be conceived of 
which serves to prepare the individual for more 


or for specific reflex activity; and with ap- 
of these overt acts may follow it. 

whether overt muscular patterns as such 
n all increased emotional ac- 


gency reaction“ 
effective fight or flight, 
propriate stimulation any 
It is doubted, however, 
represent the same kind of adjustment i 
tivity. That is, the “ motor discharge“ view is too simple. Overt pat- 
terns may be found in one form or another for most emotional 
change except the minor reflexive autonomic patterns, but they vary 
Considerably. The writhing of agony and the restlessness and hyper- 
activity of elated or undifferentiated excitement are well known, as 
are the rapid retreat of fear and the attack of anger. In some animals, 
the latter two forms of behavior, at least, seem to be preceded by char- 
acteristic skeletal reflexes which appear to be organized at the tha- 
lamic level. Thus, the decorticate cat, but not the midbrain cat, will 
demonstrate organized patterns of (1) arching the back, growling, 
hissing, spitting, and baring the claws, or (2) cringing and mewing. 
So, too, will man continue to show involuntary reflexes in the face 
Musculature after supra-thalamic lesions have destroyed voluntary 
control of facial expression. Many other overt reflexes which often 
occur with emotional change also seem to be organized at the tha- 
lamic level; such as sobbing or crying, and laughing or smiling. 
Although some of these muscular movements themselves presuma- 
bly set up other conditions in the body which counteract the origi- 
nally stimulating situations or alter subsequent internal stimuli, 
of elation, or 


many, such as the writhing of agony or the restlessness 
various facial expressions, seem to have no purposive nature. The 
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minor patterns may be, as Darwin believed, only vestiges of our evolu- 
tionary history; but, for the major patterns of muscular activity and 
the part they presumably play in the readjustment of the organism, 
there must be some explanation other than merely a “ discharge of 
muscular tension. If running around the block does serve to reduce 
ANS activity in anger, if the activity of writhing or clenching of fists 
or jaws does serve to reduce ANS activity in pain, there must be some 
explanation of it in terms of reduction of stimulation of autonomic 
activity. Two possible explanations may be suggested. One might be 
called “ distraction,” and it would imply that attention to the new 
activity serves to reduce the effect of the emotion-producing stimuli. 
A second may be called altered internal environment, and it would 
hold that extensive muscular activity itself produces a new biochemi- 
cal state in the organism which inhibits SNS activity and facilitates 
PNS activity. There is little doubt that the first of these explanations 
is valid in some emotional situations. There is considerable evidence, 
also, for the second explanation, but since its mode of operation is 
not clear at present, we shall not discuss it further. 

Not all intense emotion occurs, however, in situations where stren- 
uous muscular activity is possible. Furthermore, other factors that 
may serve to redirect attention away from the stimuli which originally 
evoked the increased emotional pattern cannot always operate. If 
noxious stimuli are intense, they unremittingly receive our attention 
and suggested distraction, or increased muscular activity, have little 
effect. In such situations it is believed that another form of adjustive 


mechanism makes its appearance. It might be referred to as the “ zone 
of excitement tolerance” of orga 


nisms and the end result is the 
familiar fainting response. 


Fainting in fear or in other excitement is v 


ery common, and the 
pattern seems to occur 


most frequently and most rapidly in situations 
which usually do not normally induce extensiv 


tivity. There are occasional reports in the liter: 
has occurred during extreme anger, 


e overt muscular ac- 
ature where fainting 
when the overt muscular expres- 
sion of that anger has been inhibited, Fainting frequently follows the 
sudden reception of catastrophic news about which the individual 
can do nothing at the moment. Furthermore, it occurs occasionally 
during intense sexual excitement, especially if orgasm is inhibited 
or prevented. Here the term most typically used in the literature is 
“ swoon.” 

The pattern of fainting may be viewed as a strong 


parasympathetic 
compensatory reflex. Except in orthostatic hypoten 


sion (low blood 


pressure on standing), or followine direct carns: 
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ulation, it seldom occurs in the absence of prior strong stimulation 
of the sympathetic system. The actual mechanism involves a marked 
slowing of the heart with peripheral and splanchnic vasodilatation, 
with a consequent reduction in blood pressure and a loss of blood 
from the cerebrum. It is a pattern which would appear to occur more 
easily and more frequently in some individuals than in others, and 
one that presumably involves a strongly reactive parasympathetic sys- 
tem, In man, at least, it is assumed to occur when the organismic toler- 
ance for sympathetic stimulation has been reached. We have little 
insight at the moment as to the nature of the actual predisposing fac- 
tors. It is obvious, however, that the pattern marks a temporary phase 
that it quickly and effectively re- 
from awareness or conscious- 
s the stimuli may still be 
but the organism has at 


of parasympathetic dominance and 
Moves the originally exciting stimuli 
ness. Following a return to consciousness 
present as, for example, in chronic pain, 
least had some respite. 

Muscular and Mental Aspects of Emotion. In emphasizing emo- 
tion as visceral action, we have intentionally neglected other aspects 
of emotion; but you will remember that we did provide for them. 
We said that emotion may be accompanied by changes in striate mus- 
cle action and by changes in mental activity. We pointed out that 
increased tension in skeletal muscles typically accompanies some pat- 
terns of emotion but it also is reduced in others, such as relief. More 
Specifically, there seem to be certain patterns of muscle tension asso- 


ciated with some emotion 
the extension pattern in anger, or the different 


al patterns; such as the flexion pattern in 
pain and fear, or 
“ bowed-back " flexion pattern in grief or depression. Still more spe- 
cifically, there seem to be some characteristic patterns which involve 
the facial muscles, the vocal and respiratory muscles, and — in some 
animals — the claws. These so-called “ expressions of emotion have 
been much studied but, for man, there is little agreement about their 
consistency or their significance. 

t section that we regard some of these striate 
s of emotion in human infants. Since 


You will see in the nex 
Muscle patterns as indicator: 
adult man can learn to suppress them and still experience and demon- 
strate emotional behavior, we cannot regard them as essential criteria 
in human adult emotion. Some writers would hold that alterations 
in general muscle tension are an exception and deserve an equal 
place with ANS changes in a definition of emotion, but we believe 
that the autonomic system furnishes the salient features of emotion 
and that muscular tension or relaxation may be construed as a pro- 
prioceptive background which facilitates, inhibits, or otherwise modi- 
fies our emotional behavior and our overt activity. 
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With respect to mental activity, let us emphasize that we have no 
desire to minimize its importance in emotional behavior. We wish, 
merely, to get emotion per se “ out of the mind.” That we all ane 
aware of and experience emotion is unquestioned. That we perceive 
external stimuli as potential satisfiers or annoyers and react to them 
emotionally is obvious. That we perceive certain visceral events (such 
as a stomach cramp or a fast-beating heart) and report them as “ feel- 
ings ” is also clear. That we vaguely perceive certain other visceral 
changes and report them as feelings of happiness, anger, disgust, em- 
barrassment, or depression is our contention. But when one uses 
such words to report a change in “ feeling ” in the absence of real 
change in visceral functions, then we should have to say that no 
change in emotion is represented, no perception or feeling of change, 
and, therefore, that the reaction is ideational in nature. Many of our 
so-called “ pleasures” or ‘ 


We say we are “ happy” 
thing else; we say we “ 


displeasures“ are solely mental reactions. 
about something, or“ displeased ” at some- 
hate ” to lose a football game, or that we 
our dog. Most such verbal reports are €X- 
pressions of attitudes, of ideas. In the absence of altered visceral ac- 
tion, they are not reflections of changes of emotion. In the 
of altered visceral action, they represent 
emotion. 


“love” our country or 


presence 
a mental concomitant of 


AN ONTOGENETIC APPROACH TO EMOTION 


A number of years ago a psychologist cl 
primary emotional behavior patterns to be 
infants. He called them x, Y 


aimed that there are three 
found in newborn human 
and z; but believed them related to fear, 
rage, and lust. According to him, pattern x (fear) is avertive behavior 
induced by loud noises or falling; y (rage) is a struggle reaction to 
interference with freedom of movement; and z (lust) is a tonic in- 
hibition of behavior (with or without smiling, or penis erection in 
the male) elicited by mild stroking of the skin, especially around the 
genitalia. 


A number of experiments have been reported w 
negate this theory, and few writers now follow it. The fact remains 
that no one has proved it wrong. We shall take the position that it 
is more right than wrong; and that its greatest error is one of omis- 
sion. It did not go far enough. 

Let us consider these three infantile behavior patterns and ask the 
following questions: (1) Are these responses similar 
behavior patterns in adults? (2 


hich claim to 


to emotional 
) Is the list complete, or are there 


n 
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other responses of which the human infant is capable that are similar 


to adult emotional responses? 

Perhaps the response about which w 
the one called rage. We know that bot! 
to struggle against something or someone when their physical move- 
oing they are apt to become 
to admit of anger 


e may most readily agree is 
a infants and adults are apt 


ments are interfered with, and in so d 
warm and flushed. Since, as adults, we are likely 
at such times, let us tentatively agree that the struggle response in 
the infant has something in common with adult anger. 

So, too, may the z response be related, at least, to initial sexual ex- 
citement in adults which has been elicited by the sort of tactual stimu- 
lation we call the caress. In the adult and in the infant, the pattern 
of reduced general activity with tumescence of erectile tissues is quite 


similar. 


With respect to the x pattern, which at first is one of startle, not 


fear, we also can see certain immediate similarities to the type of 
adult behavior we call surprise, or even startle. In fact, this is one 
of the few patterns of so-called emotion that has been extensively 
studied in both infants and adults *; and the authors of the most 
thorough study leave little doubt that our adult reaction to sudden 


loud sounds or other sudden intense stimulation represents only an 
adult modification of the infan 


tile startle pattern. 

Let us turn now to the second question. Are there other infantile 
response patterns which are similar to adult emotional behavior? 
We shall take the position that there are at least five. 

One of these patterns is so similar to the startle pattern that they 
may be practically indistinguishable. This is particularly true if the 
stimulus (for example, an electric shock or quick jab of a needle ap- 
plied to the foot) is sudden and of short duration. If the stimulation 
is less abrupt and persists for some time the response becomes varied 
and usually involves cr ying; but always there is exaggerated flexion 
of muscles of the stimulated part of the body. It seems reasonable to 
call this pattern of behavior an “ exaggerated flexion response to 


1 it as similar in infant and adult. 


painful stimuli and to regarc 
Less dramatic but none the less consistent is the gradual increase 


in general activity which occurs with altering bodily conditions that 
might be described as progressively more noxious, such as those asso- 


ciated with increasing hunger and thirst. If the frequency or magni- 


tude of an infant's activity is measured minute by minute and plotted 
against elapsed time since feeding, we find there is a more or less 
steady increase. Finally, crying sets in and the “ mass activity usu- 
ally continues until feeding. At that time, apart from sucking and 
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other feeding movements, there is an abrupt decline in activity, and 
if feeding is continued as long as sucking mov 
fant typically falls asleep, becomes very 
quiet. In the latter case, there ma 
smiling 


ements occur the in- 
“sleepy,” or at least is very 
y be some gurgles or cooings, and 
» all of which fond parents are likely to accept as signs of 
pleasure. Let us, for the present, merely say that prior to feeding 
there existed a general activity response which certainly involved in- 
creased excitation to skeletal muscles and other parts of the body, 
but that after feeding we find quiescence and repose. The first pattern 
has been called“ undifferentiated excitement ” and seems to be re- 
lated to excitement in adults. The pattern of “ post-stimulation quies- 
cence” has long been referred to as one of satiety, contentment, or 
relief. 


Of course the flexion response to p 
ment response to other noxious stimul 
larities, among both infants and adul 
seem to deserve emphasis. For the one, 
ing the noxious stimulus, the child soor 
ments at signs of the approach or thre 
(i.e., for situations of persisting discomfort from external or internal 
sources) , he gradually learns ways of reducin 
derlying noxious stimuli. He learns to sa 
get a drink when he is thirsty; he learn 
for help, and so on. Regardless of the 
successful in removing or ev 
tion we find the 
ably is our first 


ainful stimuli and the excite- 
i themselves have certain simi- 
ts, but their differences would 
if flexion is successful in avert- 
n learns to make avertive move- 
at of such stimuli. For the other 


8 or eliminating the un- 
y he is hungry; he learns to 
S to go to mother, or to others 
nature of tl 
en greatly reducing th 
relief pattern. As we already h 
and most prevalent basis for w 

Another response pattern in the infant is e 
of chemical stimuli, especiall 


e response, if it is 
€ noxious stimula- 
indicated, it prob- 
hat we cal] pleasure. 

licited by certain forms 


l li, ecially those that are tasted, In general, sweet 
substances will elicit maintained sucking activity; but any strong salt, 


bitter, or acid solution will be spat out with puckering of the lips 
and contraction of other facial muscles, and the Mouth will be 
averted from further stimulation if possible. The Same pattern may 
be seen if the HCI (or “ sour ”) content of the Stomach is high when 
vomiting occurs. It seems logical to assume that this « spittine-mouth 
aversion ” pattern is closely related to adult behavior, That 108 often 
show the same pattern in a situation whic} 


2 we call!“ distasteful ” or 
“disgusting” (a word of the same root as gustation) 
And, with respect to the added reaction of vo 


hear such expressions as, “ It was so disgustin 
You already know that one experimenter h 


as reported increased 
5 sees 5 . yen yer: i i * 
gastro-intestinal tone and even reversed Peristalsis to be associated 


ave 


is significant. 
ve frequently 
8 I wanted to vomit.” 


miting, y 
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With “ disgusting ” stimuli. We don't know that this latter pattern is 


a part of the spitting-mouth aversion ` 


pattern in infants, but it 


seems safe to assume that there is some relationship between this in- 
fant response pattern and truly distasteful experiences in adults. 


The significance of the e 


Cuss is not so clear as the 


of a better term we shall call it the ` 
tern. It refers to the kind of behavior 
Period of mass activity which 
reduction of the stimulus. The 
and we find atonic or flac 
ra pid and loud crying. 
In the older child such cryir 
may hear the comment, 
break.” For the disappointe 
been inhibited so that the 
doubtful, but we 


Period of tension and excitement) 
“ exhaustion-whimp' 


adult behavior in grief or despair. 


patterns and their suggested emotional correlates 


nye aoe ¥ 
Perhaps, then the infantile 
Something in common with 


These infantile 


is soon d 


ighth infant response pattern we shall dis- 
others, nor is it so easily described. For want 
* exhaustion-whimpering ” pat- 
an infant displays after a long 
has not produced removal or marked 
strenuous activity gradually subsides 


cid muscles, and the former screaming, or 


escribable as sobbing or whimpering. 
ag may continue for long periods, and we 


“He's crying as though his heart would 


still may find the flaccid muscles 
and often we find the weeping. 


are summarized in Table 21-1. 


Table 21-1. Infa 
Correlates 


Infantile Pattern 


UCS 


d adult the muscular activity may have 
“ exhaustion” portion of the pattern is 


(usually after a 


ering ” pattern has 


ntile Response Patterns and Their Possible 
among Adult Emotional Behavior 


Adult Emotional Axes 


1. Startle Sudden intense auditory Surprise 
or visual S 
2. Struggle Interference with move- | Anger 
ment 
3. Tonic quiescence- Sustained, gentle tac-| Initial sexual ex- 
tumescence tual S citement 
4. Exaggerated flexion Sudden stimulation of Pain 
pain fibers 
5. General activity Sustained noxious S Excitement (or sus- 
tained pain) 
6. Post-stimulation quies- Removal or marked re-| Relief (pleasure) 
cence duction of noxious S 
7. Spitting-mouth aversion | Noxious gustatory S Distaste (disgust) 


Exhaustion-whimpering 


Persisting and unre- 


lieved noxious S 


Grief (despair) 
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You will note that the stimuli which initially are effective in elicit- 
ing these eight infantile responses are referred to in Table 21-1 as 
“unconditioned stimuli.” The implication is, of course, that any of 
these patterns may become conditioned to other stimuli. Also implied 
in the previous discussion is that each of these overt behavior patterns 
has associated with it a particular pattern of visceral action. We 
should expect, then, that these eight visceral action patterns also 
would be conditionable and gradually would become elicitable by all 
sorts of originally ineffective stimuli, 


As we grow and learn, we often greatly modify our overt response 


patterns, sometimes suppressing them almost entirely. We learn that 
it isn’t manly to whimper or scream, and that it i 
food at the dinner table, or to strike ev 
learning, with our so-called “ voluntary muscles,” is fairly easy. It 1$ 
more difficult, however, to control our so-called ‘ 
cles“ and the glands of the viscera. Furthermore, only rarely is social 
pressure brought to bear towards their control. Thus, it seems reason- 
able to assume that these eight visceral action patterns will continue 
to occur in most of us, whether elicited by unconditioned or by con- 
ditioned stimuli. 

These visceral patterns, of course, are what we regard as emotional 
change. And we can find no good reason for demanding that the 


term “ emotion’ nges elicited only by 
anges that occur in such situa- 


sn’t proper to spit 
eryone who angers us. And this 


“involuntary mus- 


be reserved for visceral char 
conditioned stimuli or for mental ch 
tions. 


Closing Comments. Probably most of you, and many others, will 
go on for many years believing that running for exercise is not emo- 
tion, but that running from a bear is emotion. Perhaps you will even 
hold that a child’s reaction to its first needle injection js not emotion, 
but only pain; while its subsequent reaction to the Prospect of an- 
other needle injection (or to the doctor, or to anybody in white) is 
true emotion. You will not be alone in your beliefs. Ma 
you. They will Say. One is pain, the other 
and that’s all there is to it.” Before you revert 
ever, and forget entirely the point of view that we have tried to 
present, let us ask you one question. How do you know that another 
person is embarrassed? After some social error he may attempt to 
continue his conversation or other activ gh nothing had 


ny will join 
is the emotion of fear. 
to such Opinions, how- 


ity as thou 
is embarr 
which 
detectable by you. He has blushed! And you 
making your judgment. He is embarrassed! 


happened and he may even deny that he assed. But a visceral 
action pattern has occurred, a part of is rather specific and 
have no hesitation in 
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Someday the various visceral action patterns of which man is cap- 
able will be known and methods will be available for their detection. 
Then, and not until then, can we hope to understand emotion. In 
the meantime we urge you to” keep an open mind ” on the subject. 
We can only hope that this chapter will stimulate you to think about 
this interesting and important aspect of behavior. 
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22 | Psychosomatic 
Problems 


The “ Mind-Body Problem.” We frequently hear today the terms 
psychosomatic disorder and psychosom 
nate perhaps that such a term as “ 
reviving as it does the “ 


atic medicine. It is unlortu— 
psychosomatic ” ever was coined, 
mind-body problem,” and the cap eo 
that the mind as a separate entity affects the body. But the so-called 
“mind-body problem ” hardly exists for psychology today. In this 


text we have held that the term mind’ 


5 $ ine for con- 
has little meaning for co 
te 


APE 3 r dy 
mporary psychology apart from the activities of one of the body 
organs, the cerebral cortex. 


We have seen that through this rem 
when it is adequately nourished 
bodily functions, we are able to ¢ 


Ae oe cout idee 
arkable bit of cortical tissu 

$ n: . r 
and not interfered with by othe 


E Beanies REY, ye 
lo some rather astonishing thing 
We become aware of our external environment and aware of some 


aspects of our bodily states and functions; we remember and learn, 
and thus are able to control many of our body functions and many 


develop concepts for both concrete 
and, finally, we utilize 


aspects of our environment: we 
objects and abstract symbols 
and other memories in various manners which we cal 
agination, ideation, or reminiscence. All of these 
are called mental.” If we are 
called “ conscious.’ 
conscious.’ 


these concepts 
l thought, im- 
activities, of course, 
aware of them as they occur they are 
Ik we are unaware of them, they are called“ un- 
* But so far as we know, all essentially are activities of the 
cerebral cortex, 

If one wishes to consider the effects of men 
parts of the body, 
tal activity, he m 


tal activity upon other 
or the effects of certain bodily functions upon men- 


ay do so as legitimately as he May study the effect 
of exercise upon the heart rate or the effect of the heart rate upon 
exercise tolerance. True, his methods of study will Vary according to 
his problem, but in each instance he is investigating the influence of 
one body function upon another. And if he is 
vestigator he will realize that other body functio 
measuring will, nevertheless, be influencing the ty 
he is studying. 
360 


a well-trained in- 
Is which he is not 
vo functions which 
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The“ mind-body ” relationship is thus resolved to a “ part body — 
part body relationship, and the simultaneous interaction and mu- 
tual influence of different body parts and functions is taken into con- 


sideration. 

Psychogenic Behavior. 
we speak of two kinds of effector 
Although these are the only two that 
recognized by most writers that our thought processes and other men- 
tal activities themselves represent responses. 

Although we do not know the essential characteristics of thought, 
we do know that it demonstrates two of the major characteristics of 


other responses. First, thoughts and other mental activities may be 


elicited by stimuli; and second, they may lead to other mental activi- 


ties, to covert actions, or to overt actions. That is, like other responses, 
they may serve as stimuli for new responses. Mental activities, then, 
re, may be regarded as responses which set up new 


You have already learned that ordinarily 
mechanisms — muscles and glands. 
are commonly considered, it is 


whatever their natu 
stimuli. 

These stimuli, arisir 
cerebrum, might well be 
scribe behavior in terms of the 
it, we might call much behavior“ 
for it would cover a 


ag in the cortex and possibly other parts of the 
termed “ cerebral.” If then, we wish to de- 
source of the stimuli which initiate 
‘ cerebro-genic.”” Such a term would 
be very broad, Il integrated or partial activities 
stemming from perception. memory, 
Some such acts would be involuntar 
f worry upon our facial e 
e would be voluntary and fully conscious, such as our 
appointment, or making a telephone call. Other 


learning, ideation, and thought. 
y and largely unconscious, such 


as the effect 0 xpressions, our posture, and 


our viscera. Som 


keeping of a planned 
acts would border between voluntary and involuntary, and between 


conscious and unconscious, such as the tying of a shoe as we dress 
after an early rising, or the semiconscious flicking of an ant from the 
arm as we concentrate on some outdoor work. All, however, could 
be described as“ cerebro-genic ” behavior in the sense that they had 
been initiated by impulses arising as a result of cerebral activities. 

If you look in a dictionary, for the term “ cerebro-genic you will 
look in vain. You will find a similar term, however, “ psychogenic.” 
Apparently the word “ psyche“ will always be with us, so we might 
as well make the best of it. Let us remember, however, that it, or its 
translation, “ mind,” typically refers to processes which involve the 
cerebrum and which we call mental activity. Then let us remember 
also that such activity may be conscious or unconscious, voluntary or 
involuntary, and that the behavior it initiates may be perceived or 
eee With these cautions we may substitute “ psychogenic ” 
for “ cerebro-genic ” and be in little danger of difficulty. 
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From a logical point of view, the two terms should be identical in 
meaning. Perhaps this may come to be true in the future, but today 
“ psychogenic ” has a somewhat restricted meaning. It usually refers 
to those forms of behavior and bodily effects which are not clearly 
perceived by the individual and which have occurred rather auto- 
matically, in response to “ mental conflict,” to perceived or imagined 
threat, to potential frustration, or to unpl 
Because of this restriction in usage, you 
counter such a term as ‘ 
broader term 


easant emotional ideation. 
will more frequently en- 
‘ psychogenic disorder“ than you will the 
‘ psychogenic behavior.” It should be clear that psycho- 
genic disorders constitute merely a p 
brally initiated events, Without question, however, they are an im- 
portant subgroup and merit our attention. 
In the thinking of present-day psychiatry 


articular subgroup among cere- 


and psychology, psycho- 
genic disorders include a wide variety of behavior. Among children 
they include some instances of thumb-sucking, nail-biting, enuresis, 
Over-aggressiveness, over-submissiveness, and, in fact, almost every 
form of deviant behavior for which no organic bases can be found. 
Among adults the range is even greater, 


presumably because life 
laces more responsibilities upon them than it does upon children 
P P i 


and because they have had more years in which to deve 
habits. Here, examples include those forms of mental 
personality disorder, and physical disorder which 
organic basis — the neuroses, the functi 
drug-addiction, sexual perversions 


lop ineffective 
abnormality, 
have no known 
onal pychoses, alcoholism, 


» and psychosomatic illnesses, as 
well as any marked differences in personality. 


Such a broad list, and the Phrase, .. which have no known or- 
ganic basis.. „ should serve immediately to arouse your suspicions. 
Today the term “ psychogenic ” is used as a sort of waste-basket by 
psychiatry, general medicine, and Psychology. If the doctor fails to 
find a physical cause for a given complaint, it is easy to tell the pa- 
tient, “ It’s all in your mind,” and then refer him toa psy 
a clinical psychologist. Thus, the designation is overused through ig- 
norance. Furthermore, even though one’s mental attitude may influ- 
ence the course of a disease or of a behavior disorder, it does not nec- 
essarily follow that the disease or disorder is psychogenic 
We shall see in Chapters 23 and 24 that man 
activity may be occasioned by physical factors 
thus, may be thought of as “ Somatogenic.” But even with the 
tional insight which research is daily bringing, the 
chogenic behavior will not be gre 
clinical psychology will continue 


chiatrist or 


in origin. 
disorders in mental 
within the body and. 
addi- 
importance of psy- 
atly diminished. p 


sychiatry and 
to develop and their 


common tool , 
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psychotherapy, will continue to be used in attempts to alter mental 
activity toward a reduction of psychogenic disorder. 
Psychosomatics and Somatopsychics. A good dictionary will de- 
fine “ psychosomatic as an adjective descriptive of interrelation- 
ships between mental activity and other bodily functions. Such a term 


describes the essence, of course, of the material covered in this text, 


whether it be called physiological psychology or psychophysiology. 
Unfortunately, however, the common usage of the term psycho- 
somatic ” does not follow this strict definition. Most commonly it is 
employed to designate a more or less chronic illness or physical dis- 
order which is regarded (1) as of psychogenic origin, or (2) as sig- 
nificantly influenced by mental activity. 

In the last several decades it has come to be appreciated that most 
disorders of our bodies belong to one or both of these classes. Thus, 
psychosomatic medicine has come to assume tremendous importance. 
As a student of psychology you should know something about this 
field, and it will be treated briefly in following sections. You should 
remember two things, however: (1) all psychosomatic problems are 
ems, and (2) psychology is concerned with organ- 


not medical probl 
h involves interrelationships and mutual influ- 


ismic behavior whic 
ences — not only psycl 

Let us consider a specific example of a psychosomatic problem — 
the interrelationship of mental work and tension in skeletal muscles. 
First, we place you in a comfortable chair, ask you to relax, and play 
softly for you some mildly interesting music. Unless the music has 
meaning for you — unless you react to it as pleasant, unpleasant, 
good, or bad — there will be little change in your muscle tension or 
in other bodily functions. Then we ask you. to work a simple arith- 
metical problem “ in your head.” Immediately we would find a 
slight increase in muscle tension (and if we were measuring your 
heart rate and the amount of sweating from the palms of your hands, 
we would find slight increases in both). Next, we give you a more 
dificult problem and allow you only 2 minutes to solve it. Especially 
otivated to succeed in this task, we should find 
iscle tension. Then we give you another difti- 
limit, but this time we play for you some 
o serve as a distractor. If your motivation 
really distracts you. there will be addi- 


rogenic effects. 


if you are strongly m 
a marked increase in mt 
cult problem, with time 
loud, cacaphonous music t 
is strong and the loud music 
tional muscle tension increases with, perhaps, overt restlessness and 
facial or verbal signs of frustration. 

All of these bodily effects, of course, are psychogenic; and, also, 
they are psychosomatic. Obviously, they do not at the moment con- 
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stitute a problem in 


: oat 5 in- 
psychosomatic medicine. Less obv iously, they 
volve only one side 


7 z 1 lee influ- 
of the interrelationship. They neglect the in : 
A rate this aspec 
ence of muscle tension on mental work. To demonstrate this asp! 


: ; 5 : vou to 
of the interrelationship we shall shut off the music and ask you 
perform mental arithmetic of v 


8 PA ress with 
arying difficulty as you press wi 
varying degrees of muscle tensior 


n against a foot-pedal to which is at- 
tached varying weights. We shall find that, for simple problems, some 
increase in muscle tension will facilitate your solutions of them. As 
the problems become more difficult and your own general tension 
automatically increases, the additional imposed tension will more 
quickly reach a point where it begins to interfere with your problem- 
solving ability. 

In this latter experiment we have an ill 
of gross bodily activity upon mental activity. There are countless such 
examples, and many of them are important if one wishes to under- 
stand human behavior, Some of them will be discussed in the next 
two chapters. All could be called “ Psychosomatic ” if the accurate 
definition of this term were followed, But since the common tendency 
when employing this adjectiv the psychogenic aspect 
of the interrelationship, we mploy another adjective to 
emphasize the somatogenic e ntal activity — that is, the 


as inelegant as “ psycho- 
Vary in our current thinking. Both 
remembered that each refers to the 


ustration of the influence 


term is just 
somatic,” but both seem to be nece: 
may be used appropriately if it is 
influence of one bodily pon another. 

Finally, it may be pointed out that each adjective requires a noun: 
and if we can employ a give i Specifics its adjectival quali- 
communication. With this 


š mon usage: (1) psychoso- 
matics, which shall connote all ic changes in bodily func- 
tions other than the direct influence of one mental activity on an- 
other mental activity; and (2) som ics sh shall connote 
all somatogenic changes in ment iti Throughout this text, 
of course, we have been concerne of these subjects. To- 
gether, they constitute the true ject matter of physiological psy- 
chology. In the remainder of this chapter and in those char follow we 
ir importance in any attempt to un- 
Psychosomatic Disorders. We already h 


f j ave considere, 
5 ich cerebral actio inc i 
ations in which cerebra n (including menta] 


the body, Perh 


d many situ- 


activity) has an 


Fee er organs of na 
effect upon other ga aps the most as 


amatic 
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among such psychosomatic effects are those that have come to be 
s or psychosomatic diseases. We find 
associated with emotional behavior 
as emotion-caused. Let us see what 


known as psychosomatic disorder 
that most of them are intimately 
and some may even be referred to 


disorders fall in this class. 
somatic disorders are well known. Most of 


at some time or another have suffered 
diarrhea, asthma, hives, constipation, 
d pressure. A number of related 


Many of these psycho 
you have acquaintances who 
from psychogenic varieties of 
hay fever, peptic ulcer, or high bloo 
disorders which also may be psychogenic are less frequently observed. 
urotic edema, which involves swelling in 
I's disease, in which the blood sup- 
aost completely inter- 


Among these are angio-ne 
various parts of the body; Reynauc 


ply to the extremities is interfered with or aln 
all arteries and capillaries; hyper- 


ated sweating from the palms of 
f the feet; Hirschsprung's 


rupted by vasoconstriction of sm 
hydrosis, in which there is exagge™ 
the hands, the fingers, and the bottoms o 
disease, which is a specific form of constipation with marked relaxa- 
tion of the lower bowel; in which there is hyperac- 
tive peristalsis of the intestin 
nervation is so great that one fin 


mucous colitis, 
es, and in which occasionally the in- 


ds tonic spasms with so-called spastic 
colitis; and many others which occur even less frequently. Psycho- 
today is extending this list and probably there are 
included, such as some forms of heart, 
many skin disorders, and many dis- 


somatic medicine 
other disorders which will be 
kidney, or gall bladder disease, 
orders of sexual function. 

e been recognized for some time as 
ders (in other words, those for which no or- 
Chronic fatigue is a classic example 


Many illnesses hav nervous 


or functional! disor 


ganic bases have been found) . jc f 
of these functional disorders; enuresis is commonly so regarded; 


nervous indigestion ” has been experienced by most of you; and 
the relationship of insomnia to worry is well known. Less generally 
appreciated are the psychogenic effects on vision and other senses, on 
glandular and other biochemical inbalances, on the common “ cold,” 
the manner in which mental activity can influence the course of an 
organic disease such as tuberculosis or cancer, and the psychogenic 
factor in at least some “ accidents.” Also, and even less well under- 
de class of disorders known as hysteria in which a 
(such as blindness in one eye, anesthesia 


partial or total dysfunction $ 
in a hand, paralysis of a limb, or partial deafness) may appear quite 
ddenly only to be followed by 


suddenly and may disappear just as su 
another hysterical symptom. 
For most of these psychosomatic disorders there is no known or- 


stood, there is a wi 
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ganic basis other than tissue changes initiated by mental activities. 
For some, the tissue change facili 


tates the development of a dis- 
order, such as a stomach ulcer. A 


Apart, however, from the apparent 
absence of organic basis, there is another essential criterion [or desig- 
nation of a disorder as psycho: 


somatic. It must be demonstrated that 
the disorder can be intensified or 


tervention (e.g., by psychothera 
Theory in Psychosomatics. 


reduced through psychological in- 
Py or hypnosis) . 
In the remainder of this chapter we 


shall attempt to show that psychosomatic disorders are related to emo- 
tional behavior, to muscular tension, 


differentially in different individu 
provoking situations; and this diff 
usually is attributed to certain or 
called predispositions or diatheses. Some organ diatheses probably 
are hereditary, but without question many have been acquired. 
We find little convincing evidence to support the current view 
that psychosomatic disorders occur differentially in individuals with 
different personality patterns, The very conditions that underlie a 
given psychosomatic disorder may, upon occasion, effect certain dil- 
ferences in personal-social behavior of a sort that is ¢ à 
ality.” Furthermore, the actu 


alled “ person- 
8 al presence ofa psychosomatic illness 
may alter the personality. We would hold 
i 
ferent personality p 


i then, that in so far as dil- 
atterns may be found to 
chosomatic disorders, both usually are 
iological patterns. This point of view 
certain habits or certain factor 


and to learning. They occur 
als who are faced with emotion- 
erential occurrence in individuals 
ganic deficiencies, which might be 


of course, that 


external environment may 
10somatic functions. 
at there is an “ 
is essentially different from, say 


tions that personality is, itself, an important factor in 
— i. e., in determining the specific nature of the symptom. Rather. 
both organic reaction patterns and Personality 1 . on 
of as developing out of a common ba 1 Soa 
vironmental influences. 
The Role of Autonomic Functions, 
manner in which emotion may 
functions, we must give additional] attention to th 
of the two branches of the autonomic nery 
nomenon of parasympathetic Overc 
separately each of the psychosomati 
ANS involved in each of them, p 
sufficient to consider a few exa 


It merely ques- 
ulcer-personality ” which 
yan asthma-personality and ques- 


organ choice 


ckground of hereditary and en- 


In order 


8 5 to understand the 
Mitiate and ager 


avate physical dys- 
© specific functions 
OUS system and to the phe- 
considered 
should find the 
present Purposes it will be 


mples. Le > i i 
Į Let us select the following: 
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(1) activity of the sweat glands, which are innervated solely by the 
sympathetic branch; (2) the secretion of HCI in the stomach, which 
is innervated solely by the parasympathetic branch; and (g) the 
mucosa, or mucous membrane lining of the lungs which is inner- 
vated by both branches of the ANS. 

You already know that sweat changes are very labile indicators of 
SNS activity and that they may be recorded electrically. Some indi- 


viduals, because of heredity or past experience, have extremely reac- 
a resting state the electrical resistance of 
with any emotional situation which 


further activates the SNS, it will drop and they will sweat more pro- 
fusely from the so-called emotional sweating areas, i.e., from the 
palms of the hands, the soles of the feet, the “ armpits ” or axillae 
the groin and in some facial areas. Sweat- 
ing from the hands is, of course, particularly noticeable. If such an 
individual finds himself under the influence of extreme anxiety or 
almost any profound emotion, his hand sweating becomes to him al- 
most intolerable. It presents itself almost immediately at the begin- 
ning of any emotional change which involves the SNS and it is main- 
ts course. In fact, almost the only situation in 
al has really dry palms is during restful sleep. 
drosis is typical in some individuals who 
are hyperemotional. Of course, it is accompanied by many other ANS 
changes. It may be helped by drugs or by surgery — by cutting the 
nerve supply to the most reactive sweat glands — but this does not 


change the remainder of the SNS functions which also are often hy- 


perreactive. Nor does it 
individual. The therapy 


apy. Emotional reactivity 
— through new orientation to life situations. Then, and only then, 


will total SNS activity be reduced. For some individuals, psycho- 
therapy may not be sufficient. Organ diathesis is too strong. For them, 
surgery or continuing drug th 

The secretion of HCl is selected as a second example of ANS func- 
tion in psychosomatic disorder only because it is one of the few bodily 
functions innervated solely by the PNS. Alone, it has little signif- 
icance. Together with other PNS innervated functions, it has tre- 
mendous importance. 

; As we have seen in Chapter 21, in connection with certain emo- 
tional behavior there is excessive secretion of HCI. Of course, this 
excessive secretion rarely occurs alone. Typically it is accompanied by 
increase in other PNS functions, of which we should mention, 111 


tive sweat glands. Even in 
their palms will be low and, 


and, in some individuals, at 


tained throughout i 
which such an individu 
This condition of hyperhy 


alter greatly the emotional reactivity of the 
of choice in this situation is psychother- 
must be decreased through relearning 


erapy is indicated. 
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particular, increased stomach motility and increased blood 1 
the viscera. There is another change which we have not yet discuss : 
In connection with these events there often is a decrease in the su 
cous covering of the lining of the stomach. Now let us combine a 
of these events and see what happens. ; Ie 
Typically in fear or anxiety there is an inhibition of HCI sec l 
tion, an inhibition of stomach motility, and a decreased blood supe 
to the stomach wall. Under some sorts of emotion, (e.g., chronic 6 
sentment) , or as an aftermath of strong emotion (i.e., by . 
thetic over-compensation) , the picture may be reversed. Then TE 
is excessive HC] secretion along with increased mot ility and R 
blood supply, even to the point that minute hemorrhages may ow 
in the stomach wall. If, at the Same time, the mucous substance 
which ordinarily lines the Stomach has been decreased, we have an 
kind of a situation w an produce a stomach ulcer. There is ” i 
stomach tissue which then, with or with 
ages, becomes more 
l under such 


hich c 
blood supply to overactivit 
out minute hemorrh 


. f 
sensitive to the action o 
HCI. In short, HC 


a condition begins to consume 55 
lining of the Stomach, and an ulcer is precipitated. As has pe 
Pointed out, such events appear to occur rather directly in som 
emotional situations, such as resentment, In the 
tions, they seem to occur after some 
SUpposition that initial SNS activi 
riod of increased PNS 
compensatory in nature, 
course of these 
certain that the 


more profound emo- 
Period of time and lead to n 
ty is sometimes followed by a pe 
vhich may be regarded as over- 
Much more research is needed before the 
events can be more accurately described. But it a 
events leading to the development of an ulcer m 
the stomach or intestine are determined by excessive PNS activity: 
directly, or as a secondary phenomenon. As was the case with hyper 
hydrosis, the symptom may be treated with drugs or surgery — in this 
case by vagotomy, an Operation that severs the 
vagus nerves to the stomach and intestines, But 
is the method of choice. If, by re-education, the 
decreased, then not only will the ulcer-tende 
the tendency to develop other Psychosoy 
drug therapy or surgery is necessary, 
Finally, let us consider the asthmatic individu 
to have difficulty in breathing at Certain times. § 
scribed as allergic to certain Pollens or other substances, Sometimes 
no evidence of allergy can be found. But always we find that PNS 
innervation to the lungs is excessive. The Mucous cells 
to secrete and there is marked vasodilatation of the 


activity v 


connections of the 
Psychotherapy again 
ANS activity can be 
ncy be reduced, but alse 


matic disorders, In some cases, 


al — he who tends 


ometimes he is de- 


are induced 
blood vessels witk 
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swelling of tissues. In short, the airways become congested and breath- 


ing becomes difficult. The classic method of treatment in acute cases 
is a quick injection of adrenalin —a powerful SNS stimulant. The 
change is dramatic. The mucous secretion stops, the blood vessels 
and their surrounding tissues constrict, and the patient again can 
breathe. If you ever have whiffed a “ benzedrine inhaler ” you have 
experienced the same kind of events in the mucous membranes of 


your nostrils. 


Again the most effective form of treatment often is psychotherapy. 


Eliminate pollen or other forms of allergic substances and the pa- 
tient may be helped. Sometimes drugs may be used effectively, but 
in this case surgery is impracticable. The branches of the vagus nerves 
that innervate the lungs are easily confused with those that innervate 
the heart. The most effective therapy is to re-educate the patient — 
to alter his habitual reaction patterns in such a manner that his para- 
Sympathetic nervous system will no longer overact to life stresses 
rily, for lungs or other organs. 


Primarily or seconda 
We already have had occasion 


The Role of Muscular Tension. l 
to distinguish between phasic and tonic muscular contraction. When- 
ever tonic contraction occurs We speak of tension as existing, or some- 
cle tone. We have seen that most of the 
ave the characteristic of slow and long 
exhibit more or less continuous tone. 
ntraction at all, the phases are long. 


times it is referred to as mus 
smooth muscles of the body h 
contraction and may be said to 
In so far as they exhibit phasic co 


The general pattern is one of slow 
Most of these muscles or muscle groups are innervated by the au- 


tonomic nervous system and are in a state of more or less continuous 


increase or decrease in tone, since 


activity. 
It is also possible, 
hibit varying mainta 


however, for striated or skeletal muscles to ex- 
ined states of tension. This phenomenon is typi- 
muscles which aid us in maintaining our pos- 
ture. They are referred to as the antigravity muscles because they 
oppose the force of gravity whenever we are in an upright position of 
any sort. During most of our waking hours, especially when we are 
not reclining, some or all of these antigravity muscles are in a more 
or less constant state of tension. Even then, however, there are marked 


individual differences of sever 

We are all familiar with th 
most of the time. His movement 
sive and sometimes contorted, anc 
things easy. Somewhat less frequently we see the opposite extreme. 
We see a person who is so relaxed he gives the impression of being 


cal, of course, in those 


al sorts. 
e individual who appears to be tense 


s are apt to be jerky, his face expres- 
he rarely seems to relax and take 
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almost asleep. His arms swing free 
his movements are 
laxed and give the 
seldom goes into 


ly and loosely from the e 
apt to be rather lethargic, his face muscles a 175 
appearance of sagging or hanging loosely, a 5 
action quickly. Most of us lie somewhere betwe 


i Cont ifferen- 
these two extremes and some of us are capable of optimum d 


tial relaxation, 

Differential relaxation is 
worth considerable effort t 
tremely well coordinated n 
naturally; that is, Without 
others, it is something tha 
a large amount of pr: 
can be achieved h 


a condition which, as we shall see, is yell 
o learn. In some individuals who are a 
huscularly, it would seem to occur rath ; 
any conscious effort or learning. In sine 
t apparently does not occur naturally an 

actice is necessary in order 


5 „ it 
to achieve it. That 
as been demonstrated by 


: sork 
much experimental w 


s 5 . act 
nuscle reaction is well shown in the 4 


of writing, muscle grou 


this act ain the grasp upon 
r, tension is involved in 
n order to move the hand which actually con- 
rument. And, Ourse, we have tension in the 
antigravity muscles whic i in an upright seated position. 
Beyond this necessary minim . müstle contraction, 
however, most of us 8° much fur is necessary that we 
maintain a tight grip while actually writing a word: 
but measurements have shown that the Majority of us maintain a 
grip in between the Writing of words, or while we are thinking ol 
what we are to write next, Sometimes 
actually begin to write; often we 
once we have completed a senten 
tight grip on the pencil for a long 
This lack of differential rel is not confined, however, to 
the hand and arm muscles. It wil] be not; 
dividual who is not relaxed in the han 
in actual writing activity is usually no 
his body. He is apt to be sitting on the edge 
be engaging in restless movements with the! 
pied hand, or the head and neck muscles. J 


upper arm muscles i 
tains the Writing inst 


a afore we 
grip befor 
een words; anc 
ally maintain out 


arm when not engaging 
portions of 


k Usually such in- 
Y retire, They admit 


clings of tenseness in 
asure ac 
this king o 


dividuals also find it difficult to relax whe 
to trouble in falling asleep and Complain of fe 
various parts of their bodies. If we were 


to me: 
7 1 2 T: z 4 a l N 
of various muscle groups of the ody 


tion potentials 
fa person, we 
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would find more or less continuous bursts of activity, which would 


continue as long as the individual was awake. 
to put this kind of a statement would be 


at an individual's condition of wake- 
bursts can be recorded. 


: Actually, the proper way 
in the reverse. We should say th 


fulness continues as long as his muscular 
e striated or skeletal muscles of the 


Rather general relaxation in th 
he condition we refer to as sleep; 


body usually is a prerequisite of t 
and it has often been shown in the laboratory that among the last 
muscles to relax before sleep are those involving the head, the eyes, 


the jaws, and other portions of the speech musculature. In fact, as 


long as we are awake, alert, and thinking, there is some degree of 


ns of our striated muscles. 

hen sleep is said to exist there is no ten- 
es? That hardly seems possible in view 
tigators that we characteristically move 
considerably during sleep. We engage in all sorts of restless turnings- 
over, etc., all of which presume some tension in the skeletal muscles. 
There is a definite relationship between wakefulness, consciousness, 


and muscular tension, however. In general, it may be stated thus: the 
the more wakefulness; the more muscular 


h of sleep. The next chapter will con- 
tail. Now, we turn our at- 
cular tension, to psycho- 


Muscular tension in portio 
: Can we infer then that w 
sion in these striated muscl 
of the findings of many inves 


More muscular tension, 


relaxation, the greater the dept 
efulness in greater de 


osomatic aspect of mus 
r skeletal muscles. 


Sider sleep and wak 
tention to the psych 


genic influences on ou 
It should be emphasized that there are no entirely satisfactory 


techniques for the measurement of characteristic level of tension in 
skeletal musculature. Although we look at individuals and describe 
them as tense or relaxed, and although sometimes we are fairly sure 
actual measurement of whatever it is we are 
ult problem. One way to get at it is by 
the technique of the rating scale; and if the ratings are made by sev- 
eral individuals, each of whom knows the rated subject very well in 
a number of situations, this technique can be quite reliable and 
should furnish a validation measure against which other techniques 


can be tested. 
The desire to find objective methods of measurement, which do 


not depend upon past knowledge of the subject, has led to many in- 
dividual attempts. The method of choice probably is the recording 
of action potentials from muscles, but no single muscle group 1145 
yet been found which accurately reflects tension in other muscle 


of our judgments, the 
Judging is an extremely diffic 


groups. In other words, patterns of differential relaxation are so great 
great, 


even in supposedly tense individuals, that we cannot base our judg- 
8 
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ments on any one group of muscles, 
number of simult 


muscle groups m 
technique is rathe 
resistance of the s 
relaxes, and may 
of different degr 
lar time, so mar 


3 ze Êr a 
A combined measure from 


it has been used by several Ipk 
e been employed, such as por 
riting instrument during the act of hand- 
promise and recently devised Aps 
how being employed. Since Gen 
t in our daily motor activity, ane 
hich enters into a number of personality traits, 
the designer of an adequate technique for the accurate measurement 
of individual differences in muscular tension levels will make an 
Outstanding contribution to psychology, 

The most important fact wh 


2 r 3 o- 
ich we wish to emphasize at the m 
ment is that wheney 


er we experience profound emotion, tension 1 
skeletal muscles also increases. The reason for this increase is un- 
known, Striate muscles are not innervated directly by the ANS. They 
seem to be innervated indirectly during emotional behavior, but we 
do not know the actual mechanism, Suffice it to say that if you be- 


come frightened or angry, not only your autonomic nervous system 
will respond but also your skeletal musculature, 


As you already know, increases in skele 
tate your mental activities to a cert 
will interfere with your efficiency, J 
fluence which you may not realize, 
emotions. 

This facilitative function of Muscular tension des 
phasized. It not only contributes to you 
point; it not only contributes to distraction bey 
it also contributes to level of emotional behavior. In general, with 
increased emotion we are more tense muscularly, but, also, with in- 


creased muscle tension we are more emotional. Thus, any factor 
which increases muscle tension w emotional behavior 


ns. Is it any wonder that some psy- 
* 7 i — ` 1 85 
the Yogis) concentrate upon techniques 


tal muscle tension will facili- 
ain extent, but beyond that they 
But such tensions have another in- 


They actually contribute to your 


erves to be em- 
T sensory acuity up to a certain 
ond a certain point; 


ill also increase 
and other psychosomatic functio 


chotherapists (including 
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for inducing muscular relaxation? How often have you, yourself, 


told a friend, “ Just relax — everything will be all right“? 
axation are important in human be- 
n about their control, but we know this. 


Any factor that will exaggerate tension in skeletal muscles will exag- 
gerate psychosomatic problems. Any factor that will decrease tension 
m skeletal muscles will alleviate psychosomatic problems. There ex- 
ists here a fertile field for research. In the meantime, psychotherapy, 
chemotherapy, and surgery, will attempt cures. In the meantime, 
also, let us consider learning as a factor in psychosomatic disorders. 
The Role of Learning. First, let us review some of the funda- 


mental concepts of the condit 
learning, and then consider so 
sponse which are of wide-spread 
After an introductory course in psychology, 9 
with the basic work of Pavlov and of many investigators who have 
followed in his footsteps. The early work of Pavlov and his colleagues 
conditioned salivary responses in dogs, and 
nditioned skeletal move- 


Muscular tension and rel 
havior. We have much to leatt 


ioned response which is one form of 
me learned organismic patterns of re- 
nce in human behavior. 


importa 
you all should be familiar 


who experimented on 
the work of other Russian investigators on co 
ments in man, discovered and well corroborated the basic principles 
of conditioned responses. In this work, however, the concentration of 


attention was on a particular response which was regarded as being 
of reflexive nature, that is, the salivary reflex, or the reflexive with- 


drawal of the hand or foot 
some time later that the realization dawned upon workers that more 


as being conditioned. Actually, the learning 
d not only the reflex being measured, but 
anism of which the reflex was only 


from an electric shock. It was not until 


than a particular reflex w 
Was organismic; it involve 


a total response pattern in the org 


a part. 
tionability of response patterns was 


Individual differences in condi € 
another matter largely neglected by the Russian physiologists re- 
sponsible for the early work in this field. It is true that Pavlov did 


discuss problems of individual differences, and he reported that his 
dogs roughly fell into two classes. One he referred to as the excitable 
class, which included those who were easily conditioned; the second 
he referred to as the inhibitable class, or those in whom conditioned 
inhibition was easily established. 

The symbols CS and UCS have become almost standard in psycho- 
logical literature. Although the term, conditioned stimulus (CS), 
has been questioned (and it would seem more appropriate to refer to 
it sometimes as the to-be-conditioned stimulus) , it has been used so 
extensively that it is probably with us to stay. This is not a serious 
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arly realize that the term has 110 
en neutral stimulus before any 50 o 
e., the to-be-continued-stimu 130 
us which comes to elicit a given conditiol 
An unconditi Q 1 5 ertain 
1s. It is one which is effective for eliciting a ce 
response pattern 
small portion, 
After a sufficient number of 
Which the neutral (CS) stimul 
have been pre 
elicited Origir 
tion of the G 


in 
. 5 i a Ge urred 2 
paired stimulations have occur 


$ ~ imulus 
us and the effective (UCS) stin 


(a 
8 3 5 >» respons! 
Sented in close contiguity, we then find that the res} 
nally by the UCS only c 


It must be em 


carer example of this 12 0 
xperiment on conditioned fear, en A 

periment with whic you are already familiar. A ue 

was used as the conditi hich the original reac 

of the child Was an 2 N pa 

ting of the animal, Alus was Coupled with a sudden loud 

noise which elicited 

After several paired sti 

rat began to change; 

the CS. Instead, w 


of the child. Always the Pattern involveq aversion, Sometimes it in- 
cluded semistartle and whimpering. 

It is apparent from this brief description that the conditioned pat 
tern of aversion and the total r Sponse Pattern in this child were 
characterized by variab difference from the unconditioned 
response upon whic 


Ria 2 € said to be based. These charac 
teristics are often neglected in treatments of Conditioned response 


principles, and yet they would se tule sacher shan ibe 
exception whenever we are dealing ith Conditioned responses. Once 
the response has been conditione be Weile In fact, 
seldom will it occur in exactly the san er to two d 
of the CS; and the more extensive measuremenre = oa be 
havior pattern, the more vividly js this fact demonstrated Further 
more, rarely if ever, will the CR ever be the exact dupl; i of the 
unconditioned response. The duplicate 


refore, it cannot be considered as an 
exact substitute. 


the unconditioned Tepon 
Pattern of response to the 1 
€ typical startle pattern ornare 
a marked Variability in the behav! 


but never did th 


le Mann 


‘hapters > organismic 5 8 
In Chapter 21 the 2 Pattern Of fear Was discussed in some 
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above cited experiment attempted 
esponses in his child subject, 
re SNS pattern which we 


detail. Had the investigator in the 
to measure autonomically innervated r 
he no doubt would have found the enti 
called fear. He also would have found, however, that these responses 
Were variable. They are influenced and modified by all the fac- 
and alter behavior — by the condition 
health, processes which are going on 
he nature of external stimuli which are 
je time, and by the extent of excita- 
tion within the nervous system itself as a result of past experiences 
with the conditioned stimulus pattern. One factor, however, stands 
out as being less effective in altering or modifying these internal or 
external responses. That is the factor that we sometimes call volition. 
In our first discussion of the autonomic nervous system and, in fact, 
in the earlier discussion of smooth muscle tissue in Chapter 5, it was 
Pointed out that smooth muscles and vegetative organs in general are 
usually thought of as representing involuntary or automatic re- 
sponses. The distinction between voluntary and involuntary muscles 
of referring to the autonomic system 
also was thrown in doubt. Let us 


tors which serve to control 
ok the organism, its state of 
Within it at the moment, by t 
reacting upon the organism at t 


was questioned and the validity 
as an entirely automatic system 


consider further the bases for those questions. 
aps no more dramatic examples of the extent to 


arn to control his so-called involuntary processes 
ga. The Yogis are a Hindu sect 
ong study, gain control over 
of us are unable to control. 


There are perh 
which man can le 
than some of the practices of Ye 
ng training and l 


who, by virtue of lo 
body which most 


many portions of the j 
Apparently they become able to control musculature of the gastro- 


intestinal tract to the point where they may inhibit or induce peristal- 
sis in either direction. Thus, they may induce defecation or regurgi- 


tation almost at will. 
The fact that man can 


automatic activities is am 
learned unconsciously. In other words, through unconscious learn- 


often have effects upon our viscera. 
ogic practices have been carefully observed 
al learning process has seldom been 


learn to control voluntarily such supposed 
ple testimony that their control can be 


ing, our past experiences 
Although many of the * 


and accurately reported, the actu 
carried out under controlled laboratory conditions. Certain attempts 


have been made in the psychological laboratory to place smooth mus- 
cle responses under voluntary control, and other instances may be 
cited in which other autonomic nerv 


under voluntary control. Experiment 
ple, the learning of voluntary control for the pupils of the eye, for 
„ 


ous system responses have come 
s have demonstrated, for exam- 
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A ewweal: 
the blood vessels of the hand, for pilo-motor erection, and ata 118 
ing. In summary, it may be said that there is ample evidence Ic 
Statement that we can learn to control smooth muscles. : all be 
These findings have vast importance for the student of 1 
havior. We all engage in a great amount of this kind of sone some- 
smooth-muscle behavior, Sometimes we regard it as werg jl 
times as involuntary, but always it will have the character 3 think 
conditioned responses to words or to other symbols. When we 


Š ht, 
5 ? pace f : thoug} 
of a situation which has produced fear in us in the past, this 

Or sometimes the im 


the stimulus to elici 
is mild but, never 
fear axis. W ink of i i 
excited; and still other 


: ves as 
age which we recreate of the situation, ser ny it 
ta true pattern of fear in us. Most ae 
ely can be classed on the anx or 
ns and become angry or eae it 
o become sexually aroused. 5 
ages themselves are T PEA 
1 of this behavior as op al by 
ponse patterns which are being elicited for 
er response patterns. This is the basis 


sis ais 
é 8 : -as maladjus 

lavior that we refer to as adjustment or as maladj 
Psychosomatic in nature. 


other stimuli, w 


e may think of mucl 
conditioning; 


that is, res 
stimuli arising from oth 
much of our be} 


` ; i ready 
of Tonic Contraction. You have alr 
learned that Practical] 


. e y can 
y any of the phasic movements of the body 
be conditioned to practically any stimulus, 


given the proper PEA 
tions. Although few experiments have been conducted involving t o 
conditioning of tonic i atterns, there is every reason 
believe that this occ y in man and in lower animals. 
Many examples in your own behavior will convince you of this gen- 
eralization and all such conditioned behavior may be described as 
psychosomatic, 


N . 5 indi- 
We have mentioned in Preceding Pages the tendency of some in 


4 rag -i 5 7 1 
viduals to grasp a pencil firmly before they even start to write. II 
short, they are “ set to begin to Write. The term “ set is even mor 
commonly used for the runner, For hi 


N um the signals“ on your mark 
and “ get set“ have definite me 


8801 
ro-muscular patterns to be usec 
for such stimuli, They represent co 

terns. The first are less intense 


The term, “ get set,“ is used IN all so ations, We are set to 
listen; we are set to Tun; We are set to throw; oy 


55 Ir We are set to kick. 
You may think of yourself in each One of these Situations and actually 
ctions. You Will realize that in 
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each case there are changes occurring in your postural background — 
in the pattern of tonicity in your striated muscles. Each of these 
changes presumably represents a conditioned response to certain vari- 
able stimuli and each prepares you for a definite type of activity 
which you have learned. In fact, when we say we are set for a par- 
ticular act, we usually imply that we have learned that act and that 
We have learned a preparatory muscular tension pattern which is 
effective in preparation for that act.* 

Consider now the relation of bac 
What we call attention. Although attention involves a complex pat- 
tern of behavior, undoubtedly one of its major bases is tonic muscu- 
lar contraction. Let us refer to the runner again. He is on his mark, 
iscular set. You would all agree that he is 


is anticipating the 


kground muscular tension to 


With a rather definite mu 


attending to the starter. He 
set.” Without a period of previous learning he could not know, of 
e next signal and this is where the matter 


the picture. But part of this pattern of 
ro-muscular tension pattern, and the 
a his set to respond in different cir- 


cumstances, Perhaps it will not be difficult for younow to understand 
that, through conditioning (one form of learning) we may get “set” 
t types of reactions — for running, for walking, for 
or for asthma. 

atic Disorders. Anything that we 
atment of psychosomatic disorders is solely 
times in this chapter we have stated that a 
psychosomatic approach to behavior emphasizes the effect of mental 
activity upon other bodily function. We have stated that surgery or 
drugs occasionally may be valuable in the treatment of dysfunction; 
but we have contended t reditary or early con- 


stitutional predispositional tendencies, tre f 
learning — call it psychotherapy or what you will — usually is the 
most effective means of counteracting psychosomatic disorders. 

The Importance of an Organismic Approach. What we have to 
say here also is repetition. We hope we have impressed you with the 
following facts: (1) the term a psychosomatic ” should refer to inter- 
relationships between mental acti 


ivities and other bodily processes; 
(2) psychosomatics,“ however, typically refers to psychogenic effects 


next signal of “ get 


course, that this would be th 
of verbal learning enters into 
attention is the underlying neu 
manner in which it differs from 


for many differen 
listening, for sweating, for ulcer, 

The Treatment of Psychosom 
have to say about the tre 
by way of emphasis. Many 


hat regardless of he 
atment directed toward re- 


aratory muscular sets may occur apparently 
1 infants or in lower animals. Preparatory 
birds would be familiar examples. They 


* It should be mentioned that some prep 
without learning, especially in newborn humat 
sets for feeding in the human infant or in 
represent What may be called instinctive sets. 
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upon other bodily processes; (3) since the foregoing is true, it has 
become necessary to use the term “ somatopsychics ” to cover the m- 
stances in which noncerebral bodily functions alter mental activity: 
and (4) one cannot hope to understand human behavior unless he 
considers both psychosomatics and somatopsychics. In other words, 
he cannot understand himself or his fellows unless he takes an or- 
ganismic approach. He must be able to envisage at the same time 
psychosomatic and somatopsychic events. He must be able to see them 
occurring simultaneously and with mutual interaction in a given 
organism. This is the true organismic approach to the study of man. 
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2. Dunbar, Helen Flanders, Mind and Body: Psychosomatic Medic ines 
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23 Somatopsychological 
Problems 


This entire book is concerned with psychological problems in which 
the initiating cause is physiological. But for emphasis we want to 
consider specifically such topics as the effects of drugs and oxygen 
deprivation, In the next chapter this approach will be extended 


urther into the field of abnormal psychology. 


FATIGUE 


tired, and anyone knows that as 


Anyone knows how it feels to be 
reavy, the capacity to do 


Muscular effort continues, especially if it is l 
Work declines, Common-sense usage lumps these phenomena together 
under the heading of fatigue.” But this results in considerable 
trouble when one tries to find a consistent definition of the term. No 
doubt most, if not all, students get tired of studying. But is this the 
1g tired froma few fast sets of tennis? Why should 
„exhausted“ from a day at the typewriter 
ng of dancing? Perhaps it will be well 


Same thing as gettil 
the stenographer who is 
find ample energy for an eveni 
to look at the meaning of fatigue more closely. 

Work Decrement. A common-sense definition of fatigue relates it 
10 observed reduction in work output as work continues. Industrial 
work curves“ are obtained by plotting output or rate of work 
Sometimes these show a reduction in output 
toward the end of the day and this is ordinarily ascribed to fatigue. 
Actually, this is an erroncous approach. A reduction in output might 
occur for numerous reasons and an absence of a drop in output does 
Not indicate absence of fatigue. Output may be maintained through 
Mcreased effort. For crude practical work, this approach may be use- 
ful, but for careful analysis, practical or otherwise, sharper definitions 


Will be required. 
i, ee Fatigue. Since lat 
fon. we shall first consider the meaning of P 
the definition of fatigue 15 4 reduction in response as the result 
379 


agai . 
gainst time of day. 


igue is most often studied in phys- 
aning of physiological fatigue. 
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— 1 8 0 
of activity. For example, suppose that a muscle is stimulated over and 
5 har 1177 . acti s 

over again by means of an electric shock. After a while, contraction i 
: i 7 t 

found to be less vigorous and eventually to cease. We assume tha 
5 i rh we are not 

waste products have accumulated in the muscle, although we are nc 

certain of the exact physiological changes involved. i 
1 — a a ri 2 
Fatigue is not conſined to muscles. nor is the muscle the control p 
5 : Uaa i ihes l Sele 

factor in continued contraction in the normal organism. If a musc 
1 1 + 7 + ~, ~, e o 
is stimulated via its motor nerve, it will ev entually cease contracting; 
: 7 ee. S m É dia Fe n 

although the nerve is still conducting impulses. If the muscle is the 
shocked directly, it will again contract, thus demonstrating that 
fatigue has occurred at the myoneural junction rather than in nerve 
or muscle. . 
Except in sports, or extreme conditions such as combat, true physi- 


ological fatigue is seldom encountered. The “ tired business man, 


or his employees either, for that matter, ends the day with no loss in 
muscular strength, tired though he may feel. In fact, workers often 
leave the job stronger than when they started in the morning! And 
certainly studying is not fatiguing, in the physiological sense of the 
word. But the student feels tired just the same! We are forced to con- 
clude, therefore, that subjective 


feelings of fatigue and physiological 
fatigue do not necessarily 


go hand in hand. Neither, indeed, do per- 
formance and feelings of fatigue. We must 
psychological aspects of fatigue 
Psychological Fatigue. 
tions, both active and sed 
labor or from simply sitti 
indeed often, unpleasant, 


therefore, consider the 
in their own right. 

Feelings of tiredness arise in many situa- 
entary. Tiredness may result from heavy 
ng still too long. 


but by no means 1 
ant tiredness following a good hike or 


miliar. So we must deal with two as 


(1) feelings of tiredness, and (2) feelir 
antness. 


Tiredness is sometimes. 
necessarily so. The pleas- 
a game of tennis is very fa- 
pects of psychological fatigue: 
ngs of pleasantness and unpleas- 


Feelings of tiredness can arise from sensations in fatigued muscles- 
No doubt this is a complex of pressure and pain, sometimes com- 
pounded into what we call ache, This is straightforward enough. Un- 
fortunately, such rise without any particular 
ribed to ache resulting from 
position too long —as in typing or studying at a 
artly these feelings are difficult to explain. Sometimes 
such feelings are called “ mental fatigue,” with the implication that 


they are based on processes different from those involved in muscular 
fatigue. Other terms are boredom and satiation. 


The idea that there is a distinction betw 


feelings seem also to a 
muscular exercise. Partly this can be asc 
maintaining a set 
desk — but p 


een mental and physical 
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To some extent this is not unreasonable, and a 
up to this point will show 
activity. Ac- 


fatigue is common. 
consideration of our discussion of fatigue 
that tiredness can arise from mental as well as physical 
counting for mental fatigue is not easy. Nerves do not fatigue very 


readily F p - a 
adily and, in any event, quiet mental arithmetic increases the 
egligible amount. (One investi- 


ease by pointing out that the 
id be obtained from half 


bodily consumption of oxygen byan 
gator expressed his disdain for this incr 
energy for an hour's mental arithmetic cou 
a peanut!) It has been suggested, and it would appear reasonable, that 


tl 15 ep acl $ p 
1e development of mental fatigue ” and most especially unpleasant 
to conflict situations.’ Pleasant tiredness 


n doing something enjoyable and has 


not been forced into doing something he would very much like to 
avoid. On the other hand, unpleasant feelings of tiredness are related 
to conflict situations. One would like to stop what he is doing, but 
degree or the job make stopping impossible. 
lings of tension and tiredness. Here lies the 
's behavior and of most industrial 


feelings of fatigue are related 
involve: : 
volves no conflict. One has bee 


the requirements of the 
From this conflict arise fee 
a of our stenographer 
atigue. 

1 has turned out not 
etation if he in- 
he paragraphs 


Our common sense tern 
risks serious misinterpr 
na we have discussed in t 


A Fatigue in General. 
o be so simple. In fact, one 


sists a 
Ists on calling all the phenome 
above by the single term “ fatigue.” It is better to be more specific 


Work decrement may be used for the straight- 
but. This has some practical 
e reduction. Physiological 


about what one means. 
forward reduction in observed work outy 
USES but does not indicate the basis of th 
fatigue refers to the actual loss of ability to respond as the result of 
activity and is sometimes referred to as impairment. Psychological 
fatigue refers to the feeling of tiredness, no mattcr what its source. 
Boredom and satiation are applied where psy ical fatigue has 
arisen in the absence of significant muscular acti 
cepted terms to distinguish 

Of tiredness. It is best. therefore, to add these 
Psychological fatigue. awkward though this may be. 


sholog 
vity. We have no ac- 


between pleasant and unpleasant feelings 
terms as modifiers of 


SLEEP AND WAKEFULNESS 


Cycles of activity and excitability are commonly observed in the 
animal kingdom. Sometimes. as in certain 1 

ivity vary with the tide. Sometimes, as in 
ability varies with the time of day. The 
the same responsiveness to 


marine organisms, excita- 


bili 

bi ity and spontaneous act 
ir s 

5 rds and mammals, excit 
lv * z . 7 
ing organism does not always show 
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8 
i 5 d eG res i <citability are 
of responsiveness. Some aspects of these changes in excita y 2 


erli i ctre pe 
subsumed under the term sleep. Others, ordinarily less extreme, E 
referred to as changes in vigilance. We shall first discuss = o 
i 1 ioi S * | > rc = 

then extend our discussion to vigilance, or alertness, and the pr 
lems associated with it. , Sod 
The Phenomena of Sleep. If we are to discuss the i 
patterns involved in sleep, we must first decide upon a criterion 5 
sleep. When is an organism asleep and when is it not? Surprisingly 


enough, the decision is not always simple. There are several criteria 
and these are considered below. 


177 z N nine 
stimulation, but is likely to display a rhythmical waxing and wanin 


The most striking characteristic of the behavior of a sleeping per 
son is his relative unresponsiveness to stimulation. Although it is 
true that individuals differ not only from one another but from time 
to time in depth of sleep, some depression in responsiveness is always 
demonstrable. Early studies of depth of sleep concerned themselves 
with testing the magnitude of 


an auditory stimulus necessary to 
arouse the 


sleeper. The semipopular statement that the first two hours 
of sleep are the most restful depe 


nds heavily on such evidence. 
Mere lack of responsiveness is 


not enough to define sleep. In hyp- 
nosis the subject may be quite 


unresponsive to certain types of 
stimulation. His reflex responsiveness need not decline, however, in 
the absence of specific inhibitory instructions. On the other hand, 
a sleeping person is not completely immobile or oblivious to stimu- 
lation. Sleeping persons change position about 
night’s sleep, no doubt in T 
the skin, joints, and viscer. 
tion may be maintained 


30 times during a 
sponse to patterns of stimulation in 
a. Also, responsiveness to specific stimula- 
— the sleeper may be 
cry of the baby in the next room or upon son 
Complete unresponsiveness would be indic 

Another characteristic of sl 


set to awake at the 
ne particular signal. 
ative of coma, not sleep. 
cep is the relaxation apparent in the 
sleeper’s striate muscles, perhaps most obviously illustrated by the 
closing of the eyes. Although this relaxation y 

person and from time to time, a 
consider a person asleep w 
cles, but rather as being in 


aries from person to 
n observer would not be inclined to 
ho is lying unconscious With rigid mus- 
some pathological condition. Associated 
with the usual relaxation there is a general internal pattern which 
dominance. The heart rate de- 
and deeper, bodily temperature 
and peripheral blood volume in- 


the usual picture is one o 
duced metabolic rate, with restorative 


is describable as parasympathetic 
clines, breathing becomes slower 
declines, the skin resistance rises, 
creases. In general, f relaxation and re- 


processes outstripping the 
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destructive ones; and, typically, the majority of these changes have 


occurred just before sleep and they are maintained during sleep. 
ave been the changes in the EEG asso- 


aid that these changes are similar to 
is placed under an anesthetic. Fig- 
m alpha rhythms, through delta 


Most recently studied h 
ciated with sleep. It may be s 
those found when a person 
ure 29.1 illustrates the shift fro 


eee! 


RELAXED 


sev eee -W. F ene 


ASLEEP 

DEEP SLEEP 

` I 
-C 50 f. 


FIG, 23.1. Changes in the electroencephalogram (EEG) associated with 


sleep, (From Jasper.) 


n electrical activity and spindle bursts of 
the thoroughly asleep person. Upon awakening, the changes are 
reversed. When first studied, interest was directed tonara discover 
ung the changes in the EEG with sleep. Now, the situation is re 
versed. The EEG pattern is coming to be accepted as the criterion 
of sleep. No matter how relaxed a person may appear, no matter 


how deep his breathing and how slow his heart rate, if his EEG 
; g à f 
displays alpha rhythms he is awake. As we shall see in a few para- 


8raphs, this EEG definition of sleep and wakefulness is used in the 
r circumstances which do not permit 


thythms, to the randot 


s aR one 
tudy of brain activity unde 
the application of any other criterion of alertness. 
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Sleep Rhythms. A characteristic of sleep is its periodicity. If we 
confine our attention to man, we find that this periodicity changes 
during the life of the individual. The newborn infant is said to 
be polyphasic in sleep, although it might be better to say that he 
is generally asleep but awake periodically! A total of about 2 hours 
out of the 24 is spent in wakefulness and these are spent largely in 
cating. We shall have occasion to note lurther evidence in later 
sections that sleep is the basic condition and that wakefulness re- 
quires arousal of some sort of alertness mechanism, In the case of 
the infant, hunger, a sharp pin, or other source of stimulation is 
necessary for wakefulness. 

Most human organisms gradually develop a monophasic sleep 
cycle. No doubt this is to a considerable extent learned 
maturing in a society which practices the 
biphasic pattern. Even in our own society 
phasic pattern, considerable divergence 
adults nap, but also the requirements of shift on which one works, 
or the late hour requirements of an enthusiastic 
may lead to quite different timin 
terns in different persons. Althou 
beyond the scope of this book 
ment and change of such cycl 


, and persons 
siesta will develop a 
» With its prevailing mono- 
is found. Not only do many 


night club life 
g of sleep and wakefulness pat- 
gh discussion of the problem is 
it may be noted that the establish- 


es of wakefulness are of importance 
in planning shifts in industry or watches at sea, 


Effects of Prolonged Wakefulness. There 
more complex organisms at least require a certain minimum of 
sleep. If experimental animals are kept awake for long periods of 
time, they will eventually collapse and die. Under most circum- 
stances, of course, an organism will fall asleep of necessity before 
such a fatal termination. In man, a good deal of the sleepiness 
which he experiences is probably the result of learned rhythms 
rather than sheer necessity, However, prolonged wakefulness very 
definitely leads to feelings of tiredness, dry and heavy eyelids, and 
So on, but it is difficult to demonstrate objectively any reduction in 
ability. Even when extremely tired, the organism can 
to meet a particular challenge, and short objective 
Visual acuity, and the like are sim 
pairment. There is evidence th 
After 72 hours of wakefulne 
events which have just take 
an attempt to read them, 

Despite the deleterious effects 
difficult to decide just what 


is no doubt that the 


arouse itself 
tests of tapping, 
ply not useful indicators of im- 
at more complex activity 
ss subjects ma 
n place, or 


is altered.” 
y see double, forget 
hold books upside down in 


of prolonged wakefulness, it is 


amount of sleep is really necessary for 
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ee ae well-being. No doubt there are consider- 
5 e and the conventional 8-hour recom— 
perhaps a —.— fal eee rap PE apen 1 1 ies 
This is partly a matter of how ch discomf kyser wl “ee 
aa pi A a of how much discomfort one is willing to 

ure. College students are less upset, apparently, at feeling sleepy 


than they wi valon : Ene tafi 
they will be after graduation. At a time in life when it is likely 


Thalamus 
Hypothalamus 

FIG 

. 29 OPET y H i i 
ace 2. Excitatory Recticular Midbrain 
reti lits between the formation- 
5 formation and 

cerebral cortex. 
Medulla 


After 

(After Magoun.+) 
years later, they character- 
ormal person must suit 


will 10 


rede require more than they 
iis s] * sleep ſewer hours. In any event. a n 
Sleeping time to his individual requirements. 
8 Basis ol an ne e 115 very 
provided the basis for an unc erstanding of the mec yanisms 


s Jt is reasonable t 


akefulness.“ 
s the activated state of the organ- 


anism is destroyed 


Ae sleep and w : o believe that 
Tom, is the basic state, wakelulnes 
or : wakefulness ora 

yism remains in 


In brief, if the rousal mech 
i i p iti slee o 
tery som the organi a condition of sleep. Let us 
nm o the details of thi 
tise Tf 23.2 shows the im 
ously fa motor functions 
Was fsa in Chapter 
Was mz elled with a plus sign al 
arked with a minus sign bec 


s mechanism. 

portant structures 
of the reticular fo 
18. In Figure 18.4 the upper portion 

id is excitatory. The caudal portion 

ause it has inhibitory or suppressor 


of the arousal mecha- 
rmation were previ- 


386 Somatopsychological Problems 


functions. With these latter we shall not at the moment be con- 
cerned. The reticular formation sends fibers broadcast to the cortex 
by way of the thalamus. It receives fibers from the various afferent 
systems and from the cerebral cortex. It, thus, has a feedback rela- 
tionship with the cortex. Also involved in the arousal mechanism are 
the hippocampus and interconnections between the hypothalamus 
and the cortex (by way of the thalamus) . 

If the arousal mechanism is activated, the EEG shows the character- 
istic waking pattern. If this mechanism is destroyed, the EEG shows 
the pattern found in sleep and attempts to arouse the organism by 
intense stimulation produce effects lasting for only a fraction of a 
minute. It is interesting to note that these results of 
mentation are in agreement with clinical evide 
study of patients in whom various parts of the 
disordered. 

If sleep is, in effect, an absence of w. 
mains of accounting 


animal experi- 
nee obtained by the 
arousal mechanism are 


akefulness, the problem re- 


for the termination of wakefulness in the normal 
animal. The answer is not completely av 


factors which must be considered. First of 


that the waking organism gradually builds up fatigue products which, 
circulating in the blood, in effect anesthetize the CNS. Despite the 
existence of a name, “ hypnotoxin,” there is no good evidence that 
such a specific product exists, although the constituents of the blood 
may play some role. Another factor is habit. Here we are on more 
solid ground. Sleep habits are very important in determining the 
onset of sleepiness. Not only is the time of sleepiness subject to habit- 
uation, but also the circumstances — the city dweller who cannot 
sleep in the comparative quiet of the country is by no means confined 
to fictitious anecdotes. Such factors as the ritual — tooth brushing, 
bathing, and even refrigerator raiding — which may ordinarily pre- 
cede sleep also must be included here. 

A third factor is afferent neur 
the feedback from one’s muscles, for example, 
maintaining wakefulness. No doubt this is true, 
is not unique. Reduction of stimul 
afferent impulses to the reticular fo 
ing a quiet environment, 


ailable. There are several 
Fall, it has been suggested 


al activity. It has been suggested that 
is of importance in 
but proprioception 
ation results in a reduction of 
rmation. Shutting the eyes, find- 
relaxing the muscles, these all contribute 
to sleep. Their effect, however, is best understood as being upon the 
arousal mechanism, for, as Pointed out before, afferent stimulation 


will not lead to continued wakefulness unless this mechanism is in- 
tact. 


A last factor needs consideration. From time to time it has been sug- 
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eerie 1 earlier work, in place of) the arousal 
5 a cep center: Stimulation of the anterior 
ean can lean to mitin of the arousal mechanism and 
y to sleep. Perhaps there is a reciprocal relation, such 

that sleep or wakefulness depends upon a balance between the arousal 
mechanism and an inhibitory center.* More evidence is needed here. 
Alertness. We have been discussing sleep and wakefulness almost 
as though they were mutually exclusive states, with no gradation of 
either. This is obviously untrue. Not only does depth of sleep vary, 
So that the sleeper can be aroused more readily at some times than 
at others, but also dreaming and bodily activity during sleep indicate 
that considerable neural activity can go On. On the other hand, there 
are equally apparent degrees of wakefulness. At times the organism 
seems to be highly responsive, alert to the world about it. At other 
times, responsiveness is lower, even though one would not consider 
the organism to be asleep. These apparent differences in responsive- 
hat different sources. First of all, there is 

igilence, as it is sometimes called. 
in what is responded to, even 


Ness arise from two somew 
a general level of alertness — of V 
Second, there is more or less selectivity 
given a certain level of alertness. Thus, someone engrossed in reading 
a fascinating book may not hear the doorbell. He is awake, perhaps 
Very alert, but we say that he is paying attention to the book. This 
Selective aspect of alertness is extremely important in behavior and 
depends upon the neural patterns of the moment as determined by 
xperience. Our concern in this chapter is with 
shall not pursuc attention further. 
s, it follows that a reasonable con- 
can be accounted for as a balance between two 
al system, the other an inhibitory system. 
of sleep, it was suggested that this 
ousal or alertness mechanism is 
ave already indicated in the dis- 


Motives and past e 
general alertness and we 

Since there are degrees of alertnes: 
trol of general leve 
Mechanisms, one an arous 
When we discussed the sources 
dual control is a possibility. The ar 
Much the better understood, as we li 


cussion of sleep. 
n, only briefly noted previously, 


ature of the cortical effects of 
particularly those of 
based upon separate 


le system, such that 


of this mechanisn 
e — the diffuse n 
fferent systems, 
1 effect, possibly 
als from a sing 
1 and specific patterned activa- 
x are to some extent separate 
arousal mechanism 
areas. These asso- 


Another aspect < 
Needs emphasis her 
arousal activity. The great a 
Somesthesis, have a dual centra 
y upon collater: 
ousal mechanism 
as of the corte 
as may infl 
y association“ 


liber systems, possibl 
activation of the ar 
pa of the sensory are 
unctions. The sensory are 
only indirectly by way of the sensor 


uence the 


388 Somatopsychological Problems 


ciation areas send fibers to the arousal mechanism. In the absence of 
the arousal mechanism, specific patterned activity occurs in the cere- 
bral cortex following sensory stimulation, but the organism is not 
normally aroused. 

In addition to the evidence of alertness obtainable from the EEG 
and from responsiveness to stimulation, human subjects can repont 
upon awareness. Admittedly, research upon consciousness has serious 
methodological difficulties. However, neurophysiologists have been 
concerned with this problem and the working out of the arousal 
mechanism has brought it to the fore. It may be said that sustained 
awareness, or consciousness, depends upon the arousal mechanism. 
We may tentatively conclude that awareness of specific sensory oF 
perceptual patterns depends upon a background of general activity 
which is in turn dependent upon the activity of the arousal mecha- 


nism. This is speculative, but is not incompatible with the evidence 
available. 


Der 


It is often heard that feeding a dog “ red meat ” will make him 
vicious. And primitive men felt that consuming different kinds of 
flesh would endow the eater with the qualities of the animal from 
which the flesh had come. It is doubtful that you believe these things, 
but perhap you feel that fish is “ brain food,” or even that eating too 
much meat may make you irritable. Perhaps such ideas seem rather 


ridiculous. But, after all, the body is composed of materials which 
must have been obtained by eating and 


» though the organism can 
alter wh 


at it eats and can even synthesize new molecules, there are 
certain amino acids, vitamins, minerals, and so on which must be 
in the diet for survival. It is not unreasonable to 
absence or excess of one or another of these mat 
fluence behavior in specific ways or w 
from ingested foods might n 


ask whether or not 
erials might not in- 
hether the total energy available 
ot be important. 
Caloric Intake. The energy contained in f 
large calories, each calorie being the h 
gram of water from o to 1° C. In the b 
oxidation. For 


ood is measured in 
cat necessary to raise a kilo- 
ody, the energy is released by 


survival, an organism must take in enough calories to 


make up for what is lost in maintaining bodily temperature, doing 


work, and carrying out its other metabolic processes, In some animals, 
metabolism is so rapid that starvation is very rapid. The humming- 


bird for example, must actually hibernate each night since otherwise 
it would starve in a very few hours. I 
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We be almost indefinite. The loss of weight during starvation 
Sl eee 
will have lost perhaps only 2 sii of e nah so 
percent of its nervous ti y s igl rai 1 ee 
. us tissue weight. Brain function as measured by 
far ie ity seems to show but little impairment until starvation is 
anced. 

3 social importance is the effect of prolonged re- 
3 ea! oric intake. Although casual observation indicates that 
pathy, lack of motivation, and preoccupation with the essentials of 
Siete oie, S results of prolonged semistarvation, the clear- 
ie x : 1 ise from work on conscientious objectors during World 
A a ö * experimenters were able not only to control the diet 
Paa A et Hae subjects, but also to keep them under constant 
eon oh 5 The most important results lor our purposes 
Wees E developing lassitude coupled with irritability, the mainte- 
of capacity but not the inclination for mental tasks, and the in- 

tense preoccupation with food. 
, Specific Dietary Factors. We have already had occasion to men- 
tion the deleterious effect of Vitamin B, deficiency on cerebral func- 


ti Bt cen 8 ; : : 

. In severe cases, deſiciencies may result in actual lesions in the 
E x i : š 

NS. The other vitamins of the B complex are also necessary for 


Proper CNS metabolism. Considerable attention has been paid to 
the study of vitamin deficiencies in World War II prisoners of war 
camps, especially those in Siam where 80 percent of the British pris- 
Oners succumbed.’ The diet was very deficient in the B vitamins and 
ie? d psychological symptoms was noted. 
‘t is difficult, however, to separate the effects of vitamin deficiency 
from those of the low protein diet and of chronic dysentery. Add to 
these the misery of prison camp existence and forced hard labor and 
the specific effects of vitamin deficiency are very hard to evaluate. 
Some experimental evidence is available which indicates increased 
Psychoneurotic symptoms in Vitamin B, deficient young men and 
Mental hospital patients. There is little reliable evidence, however, 
that increasing the vitamin B intake above a normal level has any 
Psychological effect, either on personality or intelligence, although 
the optimum intake differs from person to person. The involvement 
ag Vitamins other than the B complex in determining personality is 
even less direct. It would appear reasonable to conclude that severe 


vi 1 1 5 5 : ss 
tamin deficiency will affect behavior, not by some specific route, 
k. When the deficiency is for some 
such as the B vitamins, 


existence are the usual 


a wide ra : . g 
vide range of physiological an 


au aii y 85 : 
fa t because the organism is very SIC 
ctor e . ; x 
Gye especially involved in neural health, 
Ns sy 7 
8 symptoms may appear rather prominently. 
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Recently there has been considerable interest in glutamic acid 
which is one of the amino-acids. The amino-acids are the building 
blocks which combine to form the proteins and several of them are 
indispensable in the diet. Since glutamic acid is important for . 
bral metabolism, it has been suggested that increased glutamic acid 
intake will improve cerebral function, A large number of studies have 
been reported in the literature which purport to test this hypoth- 
esis, both with animals, rats in particular, and with humans. Where 
the controls have been adequate, the results have been almost uni- 
versally negative. Nor has glutamic acid been unequivocally shown to 
have any effect upon epilepsy. These negative results are not surpris- 
ing, since glutamic acid can be synthesized by the bod 
be in the diet for normal growth. 

Various minerals are required in the diet, 
havior of deficiencies and excesses of these is r 
has been suggested that a lack of c 
result which would be predicted fr 
calcium on neurons, In any event 


y and need not 


but the effect on be- 


strate changes in activity lev 


y manipulation of 
the mineral intake, genuine miner 


al deficiencies are infrequently en- 
countered among the general population. The e 
in the salt balance needs mentioning, 
likely result of exercise in hot climates. The term “tropical neu- 
rasthenia ” has been coined to denote the syndrome of apathy, weak- 
ness, cramps, headaches, and gastrointestinal upset which result from 
this condition, 

Whether the fat, carbohydrate, 
determining personality and effici 
matter how desirable 


ffect of severe change 
however, since salt lack is a 


and protein bal 
ency of beh 
a high-protein diet m 
being. Since blood sugar level is maint 
longer time after a protein meal than 
possible that a loss in energy at mid 


ance is important in 
avior 1s a moot point, no 
ay be for physical well- 
ained at a high level for a 
after a carbohydrate one it is 
“morning 
could be prevented by a high-protein breakf. 
could scarcely be termed a direct dietary 
Moot category is the question of anim 
may be doubted most seriously that any 
might occur between high-vegetable 
be ascribed to the diets. The 
or another diet is best le 

One further suggesti 


and mid-afternoon 
ast and lunch. This 
effect, however, In the same 
al versus vegetable foods. It 
Personality differences which 
and high-meat e 
question of the nutr 
ft to the physiologist, 


on Merits consideration. 


ating groups can 
tional value of one 


It is possible that 
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there are fairly Suaia n 1 
Fe are fairly large individual differences in dietary requirement 
us is so, then uns x ienci i ist i 
So, uspected deficiencies mig . 
1 pec encie night exist in many per- 
ontribute to their modes of behavior. Future research may 


Sexy parr 5 
rve to clarify this issue. 
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5 i ! which can be classified as drugs. Any 
sive consideration of drugs is out of the question in a text on 

There are a few substances, however, which 
y are of considerable interest in 
of those drugs which are con- 
example ethyl alcohol and caf- 
without the benefit of medical 


There are many substances \ 


Physiological psychology. 
are in such universal use that the 
daily life. This is particularly true 
geal of common beverages, for 
Wage ab which are in general use u ö 
a so . mong these latter substances are aspirin and, less frequently 

i ore importantly, the various derivatives of morphine. All fur- 
nish excellent examples of somatopsychological effects. 

. Ethyl Alcohol. Among the alcohols, we shall confine our atten- 
tion to ethyl alcohol, the one found in so-called alcoholic beverages. 
Other common alcohols, such as methyl alcohol (methanol) , which 
Is in Widespread use in antifreeze compounds, and the higher alcohols 
are so toxic as to be considered out-and-out poisons. Ethyl alcohol is 
Obtained from the fermentation of starches and sugars, such as corn 
or molasses. The source has no bearing whatever on the chemical 
Characteristics of the resulting alcohol. Pure ethyl alcohol has virtu- 


ally no odor or taste so that any differences in flavor among alcoholic 
various other compounds which may be 


n a given beverage is ordinarily 
‘an usage can simply be di- 
100 proof is 50 percent 


beverages result from the 
3 The amount of alcohol i 
15 gnated by “ proof,” which in Americ 
vided by 2 to give percent by volume. Thus, 
1 and a wine with 20 percent alcohol is 40 proof. 
effect of drinking an alcoholic beverage de- 
alcohol in the tissues, and since 
by the amount ingested, the 
beverages may be of interest. 
ighball con- 


alcohol by volume, 

Since the ultimate 
Pends upon the concentration of 
this is determined most importantly 
e of alcohol in some common 

ain whiskey contains 43 to 5° percent alcohol. A h 
100 proof whiskey contributes an ounce of alcohol 
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almost as much alcohol as the 
ate to state, but if 
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te the drinker. Fort 
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es in alcoholic con 


asonable figure, 
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a 12-0unce glass of beer con- 


either weak or 
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strong depending on proportions. If we consider 50 proof as typical, a 
3-ounce cocktail contributes a 34 ounce of alcohol. i 

Before ingested alcohol can reach the tissues, it must be ses alo 
Absorption rate varies as follows: (1) with concentration, the stronger 


the drink the faster the absorption; (2) with content of the stomach, 


i i i : vest in 
absorption being the most rapid from an empty stomach, slowest 


s 8 a 1 
the presence of butter lat; and (3) from person to person. Beyond 
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al variation in effect, partly 
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fferences. Figure 2 
n of the over-all effect 
en in terms of blood alcohol. If 
not grounded in experiment, are 
Laboratory investigation of the behavior: 


clear in pointing to the alcohol is a narcotic and re- 
duces the efficiency of virtually every psychological function studied. 
This depressing effect is noted even for small doses and even though 
great care is used to mask the flavor of the 


3.3 is a semi- 
s of various doses of al- 
anything, these figures, 
too high. 


al effects of alcohol is quite 
conclusion that 


alcohol. This narcotic 
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effect, in a real life situation, may be obscured by the greater feeling 
of competence which may result from partial narcotization. Thus, 
an extremely tense person may sing better or make a better speech 
when slightly intoxicated than when sober, but still he is performing 
below his ultimate capabilities. If he could perform sober, he should 
be able to do even better. Unfortunately, as one becomes intoxicated 
his opinion of his condition does not keep pace with his actual de- 
cline in efficiency. Confidence may, and usually does, actually rise 
while competence is falling. 

Longer-term effects may have important sociological consequences 
and a great deal of material, not all scientific by any means, has been 
published on alcoholism. In a text on physiological psychology, we 
can only indicate a few important points. In the first place, there is 
no doubt that habitual overindulgence in alcohol may have serious 
consequences for the addict, both in terms of his adjustment to life 
and in terms of his physiological well-being. Actual neural lesions can 
be observed in really bad cases and temporary psychosis is a common 
result. Recently, there has been some indication that much of the 
damage attributed to alcohol is indirectly caused by the displacement 
Of necessary foodstuffs from the diet. Alcohol has a fairly high caloric 
Value and the alcoholic does not eat enough other food to give him 
the necessary vitamins and other essentials. Vitamin B, deficiency 
Seems to be the most important consequence. On the other hand, 
there is evidence that the craving for alcohol is related to vitamin 
deficiency. Bolstering the diets of alcoholics with the necesary vita- 
mins may actually reduce their desire for alcohol. It is also possible 
that an excessive requirement for vitamins, as the result of individual 
biochemical differences, may lead to alcoholism. On the other hand, 
it seems very likely that much alcoholism is learned, not based on 
genetic differences. After all, a narcotic such as alcohol does reduce 
tension and anxiety and acts which result in such reduction are apt 
to be repeated. Fspecially if the problems of life are difficult to face, 
the blunting effect of alcohol may make them seem less important. 

A final word should be said about the action of alcohol on the 
CNS. In keeping with other general anesthetics, alcohol tends to 
affect the more rapidly oxidizing portions of the CNS first. Thus, the 
Cerebral cortex is pretty well narcotized while the medulla is still 
able to sustain the vital reflexes. 

Caffeine. Caffeine is present in a number of popular beverages — 
tea, coffee, cocoa, and certain soft drinks. Table 23-1 shows the aver- 
age caffeine content in grains of tea and coffee. Especially now that 
the “ coffee break has become a part of American culture, it is in- 


394 Somatopsychological Problems 


Table 23-1. Caffeine Content of Coffee and Tea 


Grains of Caffeine 
Average cup of hot black tea 


1.5 
Average after-dinner cup of black coffee 1.5 
Average glass of green iced tea 2.0 
Average cup of coffee with cream 2.5 


teresting to ask whether or not drinking a bev 
feine has any effects over and above thos 


In assaying the results of research on 
caffeine, 


erage containing caf- 
e provided by the flavor. 
the psychological effects of 
it is well to remember that there is a considerable tolerance 
factor. Not only do individuals differ in reactivity, but also repeated 
daily doses of coffee lead to the development of a tolerance so that 
the same dose produces fewer and fewer effects. Caffeine can be ad- 
ministered in tablet form, or in a more “normal” Way in coffee or 
tea. No doubt results based on doses of tea or coffee are confounded 
by the effects of flavor, a warm drink in the stomach 
tions, pleasant and unpleasant, which the subject may have between 
these beverages and past experience, 

Careful experimentation h 


, and the associa- 


as yielded fairly consistent results. Ac- 
tivity is ordinarily speeded up, at least with a moderate dosage of 
about 4 grains, Among the functions improv 
speed of tapping, typewriting, 
ever, impaired. Strangely enou 
above 


ed are reaction time, 
and color naming. 


gh, small, 
functions instead of speeding then 
continued over a period of time, will ir 
nervousness, and may le 
will lead to these e 
subject. Whether 
as the 


Steadiness is, how- 
2-grain doses may retard the 
n up. Large doses, especially 
aterfere with sleep, produce 
ad to indigestion. The exact dosage which 
fects depends upon the tolerance of the individual 
or not caffeine improves reasoning ability as well 
simple activities is not know 
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an infusion of 


gh combustion largely to pyridine, 


all confine our attention to 
question of the exact combus- 
There is really not much information 
cerning the Psychological effects of 
known that smoking in those 


of a controlled sort con- 
smoking, Physiologically it is 


habituated to it serves as 


a temporary 
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stimulus for increased SNS activity. Vasoconstriction occurs in pe- 
ripheral circulation, the heart rate is increased, and blood sugar is re- 
leased. Such changes probably explain, in part, the lift“ that 
chronic smokers, and cigarette advertisers, claim. For nonsmokers, 
however, the autonomic effect is even more extensive and may in- 
clude marked parasympathetic responses such as excessive salivation 
and nausea. 

Evidence is lacking concerning some 
smoking. For example, in spite of the common practice among 
Coaches of athletic teams to prohibit smoking among their players, 
there is no good evidence that adjustment to exercise is affected by 
smoking. The recent contention that smoking is important in the 
causation of lung cancer and heart trouble cannot yet be evaluated. 
Research here sems to suffer from the same difficulty which has beset 
Some psychological research; namely, that if one compares persons 
Who smoke with those who do not, he introduces factors which are 
Perhaps correlated with the taking up of the smoking habit, but 
Which are largely unknown. It is possible to show, for example, that 
smokers do not make as good college grades as nonsmokers. That this 
result is due to the smoking is much less likely than that smokers 
tend to be persons of greater social activity, hence less oriented to- 
Ward studying. 

There is one study on the psychological e 
Was able to separate the effects of smoking from the effects of the 
smoke, and which eliminated the uncontrolled differences between 
smokers and nonsmokers. This study used blindfolded subjects, both 
regular smokers and nonsmokers, and introduced the ingenious con- 
trol of comparing smoking with nonsmoking sessions by having the 
ed by a heating coil during the nonsmoking 


co smoke was blown about the room, the sub- 
ag tobacco or hot air, 


arguments for or against 


ffects of smoking which 


Subjects smoke air heat 
Sessions, If a little tobac 


jects could not tell whether they were smokit 
and so the factor of suggestion was ruled out. The results are sum- 


marized in Table 23-2. It will be seen that there are some differences 
between the smokers and nonsmokers. In general, however, the effects 
are not very large. These results need further investigation of an 
ed sort. In any event, neither outstanding bene- 
s indicated. Quite untouched by this type of 
effect on the smoker of going through the 
bossible that some of the relaxing and steady- 


Ing effect many smokers notice ritual rather than from 
the contents of the smoke, or perhaps to some extent from the 
rhythmical movements of smoking. Gum chewing or rhythmic foot 
„en to have such a steadying effect also. 


nay well-controll 
it nor impairment i 
Study, of course, is the 


ritual of smoking. It is Į 
arises from the 


tapping can be she 
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Table 23-2. Effect of Smoking on Efficiency 
[From Hull] 


Nonsmokers Habitual Smokers 
Test Number Test Number 
| 1 2 3 I 2 3 
Neuromuscular | Pulse Rate + 12.63/+ 3.07 ＋ 2.74 ＋ 8.09 ＋ 7.25 a 480 
Processes Hand Tremor — 29-80] — 31.20] — 23.20 — 38.30] — 22.30 TA 
Tapping + 1.35 — 1.14. — 0.39 — 1.40 o. 90 
Muscular 
Fatigue + 32.200 ＋ 10. 10 ＋ 6.200 9.600 ＋ 3.70 — 5 
Sensory-Motor | A-test, Speed —2 =? —? |+ oro- 1.20 — 1. 
Processes A-test, Accuracy —? —? —? |+ 22.20 + 32.10|+ 38-80 
Reading, reac- 
tion time + 1.080 ＋ oos + 0.54/-+ 1.20 + o. o ＋ 0.85 
Learning, reac- 85 
tion time + 4.410＋ 0.44 3.65 ＋ 0.70 ＋ 0.35|/+ 5°55 
Higher Mental | Adding, Speed |— 2-94) 3-43/— 2.96|+ 300+ 4.58 ＋ 6.55 
Processes Adding, Accu- 28 
racy — 26.50. — 36.00] — 17.50 — 2.400 — 3.400 Lis 
Memory Span — 6.38 — 2.530 — 6.46|— 5.22 — 1.83 — 3-95 
Rote Learning |+ 9.02 4.33 T 3.61 — 10.10 ＋ 0.20 6.20 


Such explanations would seem more probable for the casual smoker 


who does not inhale. However, reports from heavy smokers who ha- 
bitually inhale Suggest widespread psychological effects which be- 
come most apparent when smoking is voluntarily or involuntarily 
prevented. In either case, general irritability and irascibility seem 
to be increased and the craving to smoke may lead to atypical be- 
havior. Although the Symptoms are not as extreme as those following 
withdrawal of drugs from a drug addict, they leave little doubt that 
for the heavy smoker who inhales, the physiological equilibrium has 
been so altered by smoking that it is temporarily abnormal in its ab- 
sence. Evidence is still lacking on the nature of these changes. 
Aspirin is actually a trade name for acetylsalicylic acid. 
The pharmacologically active portion is the salicylic acid, Physiologi- 
cally aspirin is essentially an antipyretic (i.e., it lowers fever) by ac- 


tion on the hypothalamus. It also reduces the pain of some headaches, 
perhaps by acti i 


rin are considerable, and 
risk. With these physiologi- 


being directly upon a brain structure, 
it seems likely that there should also be psychological effects, If there 


are any, aside from the improved outlook that follows relief of a head- 
ache, they are not known. Of course, a really large dose will produce 


doses above 10 grains or 
cal effects, at least one of them 
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serious symptoms, including death, but within the range of reason- 
able doses little if any effect on performance has been noted. 

; An important methodological point may be mentioned in connec- 
tion with the study of aspirin, or any other drug. 
which has definite physiological side effects. Sometimes it is not sufli- 
ciently realized that an experienced subject, and sometimes an inex- 
perienced one, knows quite well when the drug has been admin- 
istered, even when the experimenter tries to control the effects of 
Suggestion by administration of a placebo. This difficulty of control 
is a plaguing problem which is extremely difficult of solution. 

Opium and Its Derivatives. Opium is an extract of the opium 
Poppy and contains several physiologically active alkaloids. The most 
important of these is morphine, to which most of the physiological 
action of opium is to be attributed. Although morphine has some- 
What less violent after-effects, the actions of opium and morphine are 
very much alike. In both cases, we may generalize by saying that they 
are narcotic; that is, they produce depressions of the CNS. Opium 
dulls pain and induces sleep; it may excite for a time, as may all 
Narcotics, before narcosis OCCUTS; it reduces bodily secretions, except 
those of the skin; and large doses depress respiration, to the stopping 
Point if sufficiently large. Morphine is quite similar in action, but is 
Not as likely to be followed by headache and nausea. 

Socially, the important aspect of opium and morphine is that they 
are what is called “ habit-forming,” although addiction is by no 
Means simply habitual — it is physiological. After either opium or 
Morphine has been taken for a time — ordinarily by smoking in the 
case of morphine — the equilib- 
are acute withdrawal symp- 
g that the addict is prima- 
ptible to social control 


such as morphine, 


fase of opium, and by injection in the 
rium of the body is shifted so that there 
toms. These symptoms are so preoccupyin 
rily motivated by them and is much less susce 
than the normal person. Many of the withdrawal symptoms have 
been produced in monkeys after first “ addicting ” them to morphine. 
These behavioral symptoms include much itching of the skin and 
Considerable yawning. In other words, once the bodily economy has 
been accustomed to opium or morphine there is a new equilibrium 
established whose upset is even more profoundly motivating than 


Other types of deprivation. 
Cocaine. Cocaine is, like opium, 
different physiological action. When cocaine is sniffed the result is 
stimulation of the CNS, with accompanying excitement and feeling 
of euphoria. Applied locally to a mucous surface it causes blanching 
and analgesia. In some responses, cocaine strengthens the action of 


a plant derivative, but of quite 
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adrenalin, for example, in the dilation of the pupil. Taken to o 
cocaine can result in psychotic symptoms of great excitement and 
peculiar sensations of crawling on the skin which are referred to as 
cocaine bugs.“ ; UNN 

Like opium and its derivatives, cocaine is highly ania 
Not only is deprivation extremely motivating, but also the addict 
under the influence of cocaine may become very excitable and un- 
predictable. In small doses in habitual users, the primary effect seems 
to be one of dulling of discomfort and probably also dulling of ambi- 
tion. Cocaine was taken by the nobles and later the people of the old 
Inca empire in the form of coca, the leaves of which are chewed to 
obtain the cocaine and other drugs contained therein. A | 
of the population of the Peruvian Andes is to this day addicted to 
coca. Apparently they are thus made more able to endure the de- 
mands of a life of hard toil in a difficult environment. 

Benzedrine Sulfate. Benzedrine is a tr 


ordinarily taken internally in the form of the solid sulfate. The effect 
on most people of a small dose is an increase in alertness and quick- 
ness of reaction. It may be used to allay the effects of sleepiness in 
times of emergency. It is quite similar in its effect to adrenalin. Use 
of the drug is less widespread than when it was first introduced, be- 
cause of increasing control of its sale. Some persons have become ad- 
dicted to the use of inhalers, however, which provide a readily ob- 
tainable source of this drug. In contrast to what college students of 
10 years ago may have thought, benzedrine is by no means without 


toxic effects. Leaving aside the danger always inherent in overstimu- 
lation of the organism, 


arge portion 


ade name for amphetamine, 


there is some evide 
generation from the prolonged use of be 


student burning the midnight oil i 
is well advised to avoid benzedrin 
Barbiturates. The various b 


nce of auditory nerve de- 
nzedrine. The cramming 
n preparation for an examination 
E 

arbiturates, all derivatives of barbi- 
turic acid, are similar in their action. They are higher CNS inhibi- 
tors and, in therapeutic doses, do not adversely affect the vital organs. 
Very large doses lead to a period of delirium, followed by coma and 
death. Barbital (one trade n is especially powerful 
and continued use results in h ation. Since the barbiturates affect 


the higher CNS Structures, it can be seen that habitual or unsuper- 
vised use is not to be recommended. 


ame is veronal) 
abitu 


ANOXIA 
Anoxia 


» strictly speaking, means ‘ 
ever, 


“no oxygen,’ 
it is used to designate 


á Ordinarily, how- 
a general inadequate 


supply of exygen to 
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the organism as a whole, as contrasted to the inadequate supply to 
Anoxia can arise from several sources, including 


some bodily part. 
eumonia, lack of oxygen 


lack of absorbing power of the lungs, as in pn 
carrying capacity of the blood (anemia), or low oxygen content of 
the air in which the organism finds itself. Since the proper function- 
ing of the CNS, and especially the cerebral cortex. depends so directly 
on the availability of oxygen. the psychological results of anoxia are 
prompt and extensive. 

Before describing some of the 
We should consider a general principle 
fore but which needs reemphasis here. 
encephalization, and is that the newer, 


more important effects of anoxia, 
which has been alluded to be- 
This principle is related to 
higher CNS structures are 
ygen supply is restricted, 


Nore susceptible to oxygen lack. If the ox 
lower structures of the 


first the cerebral cortex, then progressively 
CNS are affected, the spinal cord losing function last of all. It will 
be noted that this is the same order in which the CNS is affected by 
alcohol, Oxygen lack will affect more complex psychological func- 
tions first, therefore, and just as a person’s judgment of his own con- 
a good index of his actual impairment, 
for example, cannot be trusted 
ygen. Making such a 
cerebral cortex. 


dition of intoxication is not 


so an aviator flying at high altitude, 
to decide for himself his need of additional ox 
decision involves the efficient functioning of the 

Anoxia from Low Oxygen Environments. A low oxygen environ- 
Ment may arise [rom the depletion of oxygen in the air, as in a sub- 
Marine, or from high altitude, as in mountain climbing or aviation. 
most research interest and 


The ; a $ 
he latter situation has occasioned the 
it is necessary to dis- 


we shall confine our attention to it. First of all, 
tinguish between the effects of pressure reduction in general and oxy- 
As altitude increases, the density of the air de- 
er molecules per unit volume. 
which accounts for 


re 5 
gen lack in particular. 
Creag 2 p n 
reases, that is, there are fewer and few 


This reduction takes place not only for oxygen, 
other gases, of which nitrogen 


nt. Since the absorption of 
cules per unit volume, 
possible to reach so 


about 20 percent of the air, but for the 
1 a 

s almost the entire remaining 80 perce 
he number of its mole 


OxXvoe 
Xygen depends upon t 
aship to other gases, it is 


not its percentage relatior 
high an altitude that even pur 
Molecules. A convenient way of 
total pressure of the air against 
23-4. The air pressure, and therefore 
creased to one half the sea-level value at about 17.000 feet. At this alti- 
tude, breathing air enriched with oxygen to double the sea-level oxy- 
ain normal blood oxygen. But at slightly 


e oxygen is too rare to provide sufficient 
visualizing this point is to plot the 
altitude, as has been done in Figure 


the available oxygen, has de- 


ger See Swat P y 
gen percentage will maint 
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more than 30,000 feet, blood oxygen will drop even if pure — 
breathed. A better solution to the problem is to increase the totale 
pressure, as is done in pressurized airplane cabins. —— 
In the above paragraph we have considered the effect of low os 
pressure on the availability of oxygen. Lowered pressure ed 2 
other effects, particularly when the pressure is lowered 1 
denly. Most important, lowered pressure may result in what is ca 


400 600 
PRESSURE IN MILLIBARS 


The relation between 
millibar = 1/1000 of a bar 
(about 15 Ibs, per in. 2). 


800 1000 


altitude and aver: 


© air pressure. A 
+ a bar is average sea level air pressure 
(From Bartley and Chute. 11) 


the “ bends.” Bends are severe pains, especially in and around joints, 
and other symptoms resulting from the presence 
in the tissue fluids and blood. These 
in common with other gases, 


sures. When the pressure 


of Nitrogen bubbles 
bubbles form because nitrogen 
is not as soluble 
on the body is lowered, the Nitrogen comes 
body fluids. Since Nitrogen is not metabolized 
d through the lungs, the 
the patient and lower the pressure gr. 
our further discussion we sh 


in water at lower pres- 
out of solution in the 
and must be expire only cure is to recompress 
adually to the desired level. In 
all confine our attention to the oxygen 
availability aspect of altitude, since Virtually all the symptoms of 
high altitude result from anoxia. 

Symptoms of slight anoxia may arise even 


; ; as if 
at fairly low altitudes i 
ascent has been rapid, and especi 


Å. — ag rt saing 
ally if the individual is exercisins 
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. K 
playing tennis 1 5 i feet Wit 8 . aie „ 5 

8 A 55 . With moderate anoxia one tends to feel 
uncomfortable, has an irregular pulse, sleeps badly, may become quite 
irritable, and lacks the ability for sustained exertion. Some persons 
suffer from “mountain sickness” even at elevations below 10,000 
Feet. The symptoms include nausea, headache, and lack of energy. 
With prolonged stays at these relatively low altitudes considerable 
acclimatization occurs, especially as concerns one’s feeling of well- 
being, 

Really high altitude leads to impaired function in any measure- 
ences are fairly large. Mood 
changes are observable, with some persons becoming gay and light- 
headed, others becoming irritable, much as different persons react to 
intoxication differently. Considerable acclimatization is possible, at 
least for selected groups of people. Workers in some of the tin mines 
of the Andes live at 17,500 feet, and work the mines at 20,000 feet. 
No doubt considerable selection has occurred through the survival 
of the fitter persons, but in any event the adjustment is remarkable. 
Ihe modern era of high-altitude flying has emphasized the impor- 
tance of a proper level of oxygen for efficient performance, especially 
since time for acclimatization is not available. The pressurized cabin 
has done much to improve the safety of aircralt 

The EEG reflects the influence of anoxia witl 
the alpha rhythm becomes slower, 


the delta rhythm, which gradually 
ntials disappear completely. Such 
n supplies. Even 


able sphere, although individual differ 


operation. 
1 great sensitivity.“ 


As the oxygen supply is diminished 
then disappears and is replaced by 
declines in amplitude until the pote 
a profound effect will occur only with very low oxyge 
at this point, readmission of oxygen to the lungs results in recovery 
Of brain activity, but the cortex is s 
Permanent damage may be done in a ma 
electrical potentials of various levels of the 
it will be found that the a 


o sensitive to oxygen lack that 
tter of a few minutes. If the 
CNS are recorded during 
Complete anoxia, ctivity of the higher cen- 
rs, a fact confirming our 


ters disappears before that of the lower cente 
he effect of anoxia on the CNS. 


arlier generalization about t 
Anoxia may result from anemia, 


Anoxia from Organic Causes. 


fr . si t 2 i 8 à 1 
rom failure of normal circulation, as in arteriosclerosis ( harden- 


ing” of the arteries) , and from other organic causes. The effects are 
basically the same as those from chronic environmental oxygen lack. 
Efficiency is lost in a degree determined by the severity of the dis- 
ly psychotic symptoms appear. We 


Order 8 
der. In extreme cases, genuine 
nt of brain oxidation in 


sh j i 
all have more to say about the involveme 
Psychosis in Chapter 24- 
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OTHER EXTREME NEED STATES 


We have had occasion in Chapter 20 to mention the problem pi 
thirst and have mentioned the importance of water balance to the 
efficiency and personality of the individual. 
important because thirst is not a perfect ind 
the desert, voluntary drinking is often neces 
water balance. The symptoms of mild w. Fi 
depression, sleepiness, and occasionally hunger. With greater lack, 
exhaustion will occur, with symptoms of vague discomfort, inclina- 
tion to sit or lie down, muscular imp 
a rise in body temperature. These pr 
water loss reaches 10 percent of the body weight. It is doubtful that 
a person can survive a loss of 20 percent of body we 
tion. Fora 200-pound footb 
cent) in a game would put him very close to the 
as simple psychological processes are concerned, 
fairly severe degree, has little 
clude dark adaptation, visual 
spite these results, the over-a person is reduced, 
because of the more general changes in alertness and attitude. 

Also of importance is the salt (N 
with the loss of water through sw 
Symptoms of exhaustion May appear even though the w. 
is adequate. The Provision of salt tablets ne 
in many industries is a recog 

For efficient physiological activity, the internal temperature of the 
human body must be maintained at about 37° C (98.62 I). The met- 
abolic processes of the person, especially the contraction of the striate 
muscles, are the source of a fair amount of heat. The 
tion of a resting wakeful person is roughly 
100-watt electric light bulb. If the person j 
is equivalent to over 


In man, this is especially 
icator of actual need. On 
sary to maintain a proper 
ater lack are mostly tiredness, 


airment, a rising pulse rate, and 
ofound symptoms appear before 


ight from dehydra- 
all player, the loss of 20 pounds (10 per- 
danger point. As far 
dehydration, up to a 
or no effect. The processes studied in- 


acuity, and manual coordination. De- 
Il efficiency of the 


aCl) loss which is concomitant 
eating. If the lost salt is not replaced, 
ater intake 
ar the drinking fountains 
nition of this problem 


heat produc- 
equivalent to that from a 
s climbing Stairs, the heat 


t loss does not balance heat 


death can ensue, Obvi- 
eme environment 


production, bodily temperature 
ously one can tolerate a more 
when exercising. Many other fa 
termining whe 


extr at rest than 
ctors are involved, however, in de- 
ostasis can be Maintained and these 
able research by environmental phys- 
dry air temperatures can be tolerated for 
since the evaporation of sweat is the 


ther or not home 
have been the objects of consider. 
iologists. Surprisingly high, 
brief periods of time, 


most im- 
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portant mechanism of heat loss. The highest temperature so far stud- 
ied is 240° F, which is tolerable for perhaps 20 minutes. The psycho- 
logical effects of high heat loads depend upon whether short or long- 
term testing is done. Even under extreme conditions it is diflicult to 
demonstrate much decrement in ability for brief tasks.“ On a longer 
term basis, however, the inclination to do work, mental work in- 
cluded, diminishes, even though ability may not show much reduc- 
If conditions are not too extreme, 


tion if motivation is sufficient. 
lerated by exercise. 


some acclimatization occurs — a process acce 
When skin temperature falls, hypothalamic reflexes constrict the 
blood vessels of the skin and may induce shivering. Actually, the task 
of combatting real cold is beyond the physiological mechanisms of 
the body and considerable research has been directed at the design of 
Proper protective clothing — research which has not resulted in any 
improvement on traditional Eskimo winter dress. Aside from sur- 
vival, the problem of cold is that it leads to numbness and stiffness, 
especially of the hands, and manipulation of tools and instruments 
becomes very difficult. After a time in the cold, internal bodily tem- 
perature drops and the person drifts off into unconsciousness. Until 
this point, the person may be uncomfortable and be distracted by his 
discomfort, but actually loss of ability is not demonstrable. 

Another extreme need state is represented by prolonged or severe 
pain. Even relatively mild pain can influence the patterns of reflex 
ple. handwriting is altered by 
hard to prevent. 


and voluntary movement. For exam 


pain in the hand and a sore toe makes limping very 
ecomes more preoccupying and 


As pain becomes more severe, it also b 
are initiated and behavior will 


More distracting. Autonomic reflexes 
be interfered with, even to the extent of fainting. Prolonged pain, 
even mild, can leave its mark etched in the face of the sufferer. Other 
bodily changes which can result from prolonged pain have been men- 
tioned in Chapter 8. 

Upset hormone function repr 
State. Considerable discussion © 
and personality has been given au Chapters: 1 
emphasize here, that departure from an optim 
represents a somatopsychic influence which may 
foundly. 


esents our last type of extreme need 
E hormonal influences on behavior 
and 20. Sufice it to 
al hormonal balance 
alter behavior pro- 
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24 Somatopsychological 
Problems: continued 


In the preceding chapter we have considered a number of problems 
concerning the effects of bodily factors on behavior. Our concern 
now is with behavior which is fr; 
behavior. Our interest with this 
first, the tremendous soci 
ond, the increasing 


ankly abnormal, especially psychotic 
topic stems from two main sources: 
al importance of mental disorder; and, aee 
interest in physiological research related to its 
causation and treatment. The social importance of mental disorder 
can be summarized very briefly. There are at present more than one 
half million patients confined in state and federal mental institutions 
in the United States, This means th 
occupied by the mentally ill th 
disorders combined, Of the 
are diagnosed as schizophre 
covering the cause and treatment of this disorder 
be overemphasized. The growing body 
exploratory and tentative in nature, 
social importance 


at there are more hospital beds 
an by those suffering from all other 
half million mental patients, almost half 
nic, and so the social importance of dis- 
alone can scarcely 
of Physiological research, still 
is an expression both of this 


and of a suspicion that such a profound disorder 
involves more than extreme maladjustment, Whether or not this 
Suspicion will be justified cannot at present be definitely decided. 
This chapter will be devoted largely toa consideration of the present 
Status of the evidence, 

Since our concern is with 


Psychotic behavior 
mind what the 


„it is well to have in 
term psychotic implies. For our Purposes, we may 
Say that a psychosis is a disturbance of behavior of such severity that 
the individual cannot adjust to the day-to-day demands of a normal 
environment to the extent that he must be kept under special care for 
the protection of himself and Society. Psychotic Symptoms may in- 
clude loss of contact with the immediate environme 
disturbances of emotional beh 


behavior may be most biz 


nt, delusions, and 
and of consciousness. Sometimes 
arre, while in othe 
pression of normality may be evident, Unfortun 
classification of Psychoses exists and it is likely that proper categoriza- 
404 


avior 


Y cases a superficial im- 
ately, no really good 
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tion will arise only after the causation of different types of abnormal- 
ity has been worked out. In any event, we shall confine our discussion 
to the more serious and profound disorders, since there is less ade- 
quate evidence that the less severe disorders (the “ neuroses") have 
a primary physiological basis, although various factors influencing 
the physical well-being of the person may be of secondary impor- 
tance, 

Toxic Agents. There area large number of specific factors which 
are known to produce mental disorders and a brief mention of these 
may help to show the sort of symptoms which are characteristic of 
severe disturbance of cerebral function. There are many toxic sub- 
stances used in modern industrial processes which produce well- 
defined psychoses, although the importance of any one of these fluctu- 
ates as commercial production techniques change. At the present 
rical importance are lead, 
rbon monoxide. Lead 
rogressive men- 


time, the toxic substances of greatest nume 
Mercury, manganese, carbon disulphide, and ca 
Poisoning is not uncommon and may lead either to p 
tal deterioration or to delirious episodes with confusion, outbursts of 
Violence, visual hallucinations, delusions of persecution, and the like. 
Mercury poisoning may produce irritability, timidity, discourage- 
Ment, and sometimes emotional outbursts. Manganese poisoning in- 
extrapyramidal motor systems and the b 
s: but it also may involve 


Volves largely the asal ganglia, 


With tremors and gait and speech disturbance: 
stlessness, elation, and uncontrolled laughing 
(used in rayon manufacture) causes all 
fatigue, listlessness, in- 
Carbon monoxide 


Mental symptoms of re 
or crying. Carbon disulphide 
kinds of neurological symptoms, and also 


Somnia, loss of memory and uncontrolled anger. 
s sometimes by chance through faulty func- 


rg devices, and sometimes by design in at- 
usion, delirium, and apathy. It may 
Produce a temporary or even permanent deficit of an intellectual na- 
ture due to anoxemia of the brain resulting from the combination of 
the hemoglobin of the blood with the carbon monoxide, to the ex- 
clusion of oxygen. 

Drugs. Drugs are another source of psychoses and are responsible 
admissions to mental hospitals. Of these, the 
s are the most important. Bromide poison- 
n even be produced by a readily available 
f taken in sufficient quantity), and is 
people and in arteriosclerotics 
ominent symptoms are delirium, 
The barbiturates, on the other 


Poisoning, which occur 
tioning of motors or heatit 
tempted suicides, produces conf 


for about 1 percent of all 
bromides and barbiturate: 
Ing is fairly common (it ca 
commercial drug preparation i 
Particularly important in elderly 
Where the tolerance is low. The pr 
fear or depression, and paranoid ideas. 
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hand, render the victim drowsy, disoriented, and euphoric in a silly 
way. Opium and its derivatives rarely produce psychoses, although 
there are temporary psychotic symptoms, and marihuana probably 
never. Cocaine addiction, however, may produce delusions of perse- 
cution, terrifying visual hallucinations, and disorders of somes- 
thetic perception resulting in the feeling 
under the skin. There are a few other 
choses, but they are v 
long standing may e 


of insects crawling around 
drugs which also produce psy- 
ery much less common. Chronic alcoholism of 
ventuate in psychoses, among them delirium 
tremens and Korsakoff's syndrome. The primary difficulty, however; 
stems from nutritional deficiencies, particularly vitamin B deficiency, 
and general debility. In Korsakoff's psychosis, there is amnesia, rela- 
tion of fictitious memories, a kind of jovial air, and utter dependence 
upon immediate observation. Sometimes recovery occurs, but some- 
times the degeneration in the nervous system has gone so far as to 
be irreversible; and although some improv 
of a few months, there is permanent im 
ment, appropriate emotional 
addition to these well-know 
been used in experiments 
man and lower animals, 


Injury. Another obvious source of severe ment: 
injury to the brain. Brain injuries m 
sorts to the head. Simple 
neuronal func 


ement occurs over a course 
pairment of memory, judg- 
response, and esthetic awareness. In 
n drugs, there are a number which have 
to produce psychotic symptoms in both 


al impairment is 


ay arise from blows of various 
concussion, in wh 


oning due to mechanic: 
lead to psychotic symptoms. Where th 
sults are likely to be more serious and the exact symptoms shown will, 
of course, depend upon the location of the rupture. Direct damage to 
the brain structure, as by a gunshot wound, may also cause psychotic 
symptoms, again depending upon the location of the injury. Tumors 
may cause similar symptoms, Such traumata often cause epilepsy (dis- 
cussed in greater detail below) and produce obvious changes in the 
EEG in the region of the damage. The disorder known as 
drunk,” which occurs in boxers who have 
is a direct result of the frequent mech 
every knock-out blow probably destroy 
deterioration of muscular skill, 


ich there is disordering of 
al jarring of the neurons, may 
ere is also hemorrhage, the re- 


punch 
absorbed too many blows, 
anical jarring of the brain. 
ing some neurons. There is 


of intellect, and of personality, the 
person frequently appearing a little drunk, often talkative and gay, 
but with poor attention and memory. 


Diseases with Psychotic Symptoms. 
produce serious and diverse psycholog 
are temporary, as with the delirium tl 


Various disease processes may 
ical symptoms. Some of these 
at accompanies a high fever. 
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In some diseases, the psychotic symptoms are among the most promi- 
nent aspects and are of longer duration. In severe cases, chronic resid- 
ual damage often is left even after the acute phase has passed. Among 
these infectious diseases we shall mention but four of the most 
dramatic, The first of these is general paresis, caused by syphilis 
of long standing which attacks the nervous system. The cerebral 
symptoms usually develop 5 to 30 years after the primary infection, 
and are due to atrophy of the cortex, particularly the frontal lobes. 
fatigability, irritability, marked un- 


The mental symptoms include 
on lor others, de- 


concern about social amenities, lack of considerati 
ssional skills, poor judgment, inability to see the 
consequence of errors, apathy, depression, and eventually delusions. 
This disease is less common now than formerly, but does occur with 
some frequency. It is the subject of Ibsen’s play, Ghosts. If primary 
Syphilis is properly treated, general paresis never develops; modern 
routine prophylaxis, such as practiced by the Armed Forces, would 


terioration in profe 


totally prevent it. 

Epidemic encephalitis, sometimes called sleeping sickness, is not at 
Present a very serious threat in this country, but it has been in the 
past and still is in some other parts of the world. It is due to a virus. 
There are two acute forms, not just the one which occasioned the 
Popular name. One form, the “ lethargic,” produces stupor, slowing 
Of all intellectual activity, aphasia, and symptoms of brain-stem in- 
volvement. The patient may sleep for weeks and, if aroused, promptly 
falls asleep again. Reference to the discussion of sleep and its physio- 


logical basis will throw light on this symptom: damage to the brain- 
mechanism would be ex- 


stem reticular formation and the arousal 
“acute ” form 


Pected to result in symptoms of this sort. The other 
of the disease apparently spares this region. The symptoms are al- 
rized by restlessness, irritability, in- 
d other disorders of movement. In 
er the acute phase has passed, the 


Most prominent symptoms are movement disorders of various kinds, 
emotional changes such as mania or depression, and lack of concern 
for the results of behavior. Only in young children is there any 
t of intellectual ability: 
sort which render their care at home ex- 
» disobedient, stubborn, and 
avioral control do not 


Most opposite, being character 
somnia, and convulsive seizures an 
the chronic form of this disease. aft 


Permanent impairmen it is accompanied by 


behavior disorders of a 
tremely difficult. They are “naughty,” 
frequently delinquent. Usual methods of beh 
Produce improvement. 

. Fpidemic cerebrospinal menir 
lirium, confusion, and restlessness. 


agitis in its acute phases produces de- 
It is due to inflammation of the 
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meninges. There may be permanent impairment of memory, e 
types of paralysis, inability to concentrate, moroseness, and irrita 
bility. 7 
Finally, rheumatic fever or any severe fever may cause an Bicep 
alitis, although it by no means always does. When this occurs there 
may be permanent motor disorders with jerky, involuntary MOVE? 
ments, incoordination, and grimaces. Marked emotional instability 1s 
associated with this and there may be behavior disturbances of the 
sort mentioned above which are very difficult to deal with. A child 
with this disorder, although contrite after such behavior, seems UNS 
able to do anything to prevent it under the normal home conditions. 


Table 24-1. Distribution of Psychoses among Parents and 
Siblings of Psychotics* 


Expectancy Rate 


f Expectancy Rat. “amily Members 
Type of Psychosis 55 Expectancy Rate for Family 
in Patient General Population Schizophrenia Manic-Depressive 
Schizophrenia 0.9 9.7 0.1 
Manic- Depressive 0.4 — 


21.2 
* Adapted from Kallman, F. J. 


Genetic Factors. Recent investigations of the 
psychoses provide interesting evidence of the existence of important 
biological influences in spite of the unsatisfactory nature of the classi- 
fication of psychoses, Analysis of the distribution of psychosis reveals 
much higher rates among relatives of psychotic patients than in the 
general population for the particular general class of psychoses which 
the patient has, but not for others. Table 24-1 shows some of these 
results for the two major classes of “ functional ” 
schizophrenia, the expectancy rate in the general population is only 
0.9, but for the close relative of a schizophrenic patient it is 9.7. The 
expectancy rate for manic-depressive psychosis is only 0.4 in the gen- 
eral population, but is 21.2 for relatives of a manic 
for relatives of a schizophrenic. Note that the r 
with one type of psychosis virtually never 
Although these 


genetic factors in 


psychoses.’ For 


depressive, and 0.1 
clatives of patients 
develop the other psychosis. 
rge numbers of cases, lend 
re are important biological 


figures, based on very la 
some credence to the hypothesis that the 
factors in psychoses, much stronger evidence is presented in Table 
24-2 where expectancy rates for various degrees of closeness of blood 
relationship are presented. As the closeness of blood relationship in- 


creases, the expectancy rate goes up. For half siblings, the rate is half 


that for full siblings; it is no different for full siblings than it is for 
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Table 24-2. Distribution of Psychoses according to 
Closeness of Blood Relationship to Psychotic 
Patients* 


Expectancy in Families of Psychotics 


Expectancy in Haif Full Dizygotic Monozygotic 
Type of Psychosis General Population Parents Siblings Siblings Cotwins — Cotwins 
Schizophrenia 0.9 9.3 7.1 14˙2 14˙5 86.2 
Janic- Depressive 0.4 23-4 16.7 23.0 26.3 95-7 


* 
Adapted from Kallman, F. J. 
nonidentical twins, nor should it be, because nonidentical twins are 


no more closely related genetically than are siblings born at different 


times. But the rate for identical twins, having identical heredity, is 
amazingly high. It can hardly be doubted that a powerful genetic 
factor is at work here. How these genetically controlled factors oper- 
ate and what relationship they bear to other physiological factors 
Present in the individual and to possible precipitating environmental 
factors is not known as yet. 

Structural Brain Changes. One obvious approach to the discovery 
of causes of psychotic behavior is to examine the brains of psychotic 


individuals, The examination may be gross or may involve histologi- 


cal techniques; i.e., the slicing and staining of brain tissue and sub- 


sequent examination under a microscope. In some cases, such as those 
arteriosclerosis, or rheumatic brain disease, gross 
he brain which adequately account for the 
y cases, however, no such gross pathology is 
icting. In the case 


diagnosed as tumor, 
changes are present in t 
deviant behavior. In man 
Present. Histological findings have proved confl 
manic-depressive, and other “ functional ” psy- 
have been challenged by competent 
ly a matter of the normal variations 
to be expected in tissues, partly due to changes induced by the han- 
dling of the tissue which may mask more subtle changes associated 
with the disorder, and also partly because the nervous system changes 
associated with psychotic behavior may be at the molecular level and 
hence beyond the realm of present histological techniques. At present 
very little psychotic behavior can be directly associated with brain 
possibility of discovering such relationships in 


of schizophrenic, 
choses, all the positive findings 
histologists. The difficulty is part 


changes, although the 


the future should not be discounted. 
Disorders of the endocrine glands have 


Endocrine Disturbances. 
mentioned here because 


been discussed previously, but they must be 
some of them may result in psychoses when the disturbance is severe. 


Insuflicient anterior pituitary secretion may lead to a vegetable-like 
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apathy, which is relieved by the administration of thyroid mane 
testosterone, and cortisone together. The extreme forms of thyroid 
disorder may lead to psychosis. Myxedema produces delusions and 
hallucinations in nearly half the cases and, also, may result in either 
mania or melancholia. In hyperthyroidism, the typical irritability, 
euphoria, and hypomania sometimes lead to real psychosis. ; i 

Disease of the Islands of Langerhans causes excessive Secretion 0 
insulin which produces hypoglycemia, with the usual depression of 
cerebral functioning and severe behavioral changes, Deficient secre- 
tion of gonodal hormones, on the other hand, apparently does not 
produce psychotic symptoms, but an alteration in gonadal hormone 
balance may do so. Involutional melancholia, 
which may occur at menopause, has long been considered due to 
deficiency or imbalance of hormones. There are some cases in which 
hormone therapy is very effective in relieving the symptoms. In other 
cases, it is likely that the depression was not caused by hormonal im- 
balance, but by some unknown factor which may operate in melan- 
cholia occurring at any time. Therapy with all the hormones dis- 
cussed above has been tried on schizophrenics with little effect. 
Hormone therapy cannot be expected to be effective when the basic 
physiological disorder is not hormonal, 

Recently there has been a consider 
cerning the possible role of the adre 
phrenia. It has long been know 
of adrenal cortical secretion rest 
characterized by muscul 
sometimes w 
abnorm 


a psychotic depression 


able flurry of excitement con- 
nal cortical steroids in schizo- 
n, of course, that marked deficiency 
ilts in Addison's disease, a condition 
ar weakness, apathy, 
ith hallucinations. Our concern j 


alities but with the response of the adrenal cortex to stress, 
the “ general adaptation syndrome ” 


described in Chapter 15. One 
important factor enabling the organism to withstand stress is the in- 
creased production of cortical 


steroids. The response occurs after 
stress produced by such div 


ers things as trauma, 
electric shock, extreme he 


and paranoid attitudes, 
s not with such obvious 


hemorrhage, burns, 


at or cold, exposure to X-rays and solar 
. . . . ~ 3 2 * 
radiation, and emotional conflict. The condition known as “ shock ' 


may result and recovery from shock is presumably due to the normal 
Stress response. The stress response has been examined in connection 
with schizophrenia because of the fact that so far the causative fac- 
ave escaped detection, and because of the 


uizophrenic with his environment and his in- 
appropriate emotional response. There are difficulties in this research 
because of the fact that the indicators of 


not agree perfectly, and because of the 


tors in this psychosis h 
lack of contact of the scl 


adrenal cortical response do 
looseness of the definition of 
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stress. Results have therefore been conflicting. In one recent study, 
where 100 schizophrenics were compared to a normal control group 
under several kinds of experimental stress, it was found that there 
Was no real difference in the baseline level of adrenal cortical re- 
sponse indicators, but that the schizophrenics did not show an in- 
crease in their output of adrenal cortical hormones under stress, 
Whereas the normals did.” Others have not found as clear-cut results. 
One difficulty here is that the diagnostic category, schizophrenia, is 
probably not a good one, since it is based entirely upon psychological 
symptoms. There may actually be a number of different disorders in- 
volved, requiring different treatments. In general, hormone therapy 
With ACTH and cortisone has not proved beneficial. But this is an 
active research field and it is too soon to draw any definite conclu- 
sions. 

Metabolic Disorders. 
been investigated, among them the oxidative 
ystems, and protein metabolism. There are two ob- 
he oxidative functions of the brain 
bolic rate, the availability of oxy- 
ant food-stuff of 


Metabolic disorders of several sorts have 
functions in the brain, 


Specific enzyme s 
Vious and important factors in t 
Contributing to the cerebral meta 
gen, and the availability of glucose, the only import 
the CNS. It has already been pointed out in Chapters 19 and 23 that 
20 percent of the total basal 


the metabolic rate of the brain is high — 
gen consumption of the 


Metabolic rate. This is a reflection of the oxy 
asizes, even more than the EEG records, the perpetual 


The brain is also especially susceptible to oxy- 
are those most 


brain and emph 
activity of the brain. 
gen deprivation and the most susceptible structures 
recently evolved. Thus, the cerebral cortex is damaged first, together 
With higher-order psychological functions in a very few minutes, 
Whereas the breathing centers in the medulla survive much longer. 
The blood supply is greater to the cortex than to cerebral white mat- 
ter, and greater to those regions which are most active than to those 
Which are not as active. In view of the special sensitivity of the brain 
to oxygen lack, it is reasonable to assume that some interference with 
Oxidative function might be the basis for some mental disorders. Un- 
fortunately, this is not an easy hypothesis to investigate. It has been 
Shown that the cerebral metabolic rate is reduced in general paresis 
and after lobotomy, but this might be expected because of the de- 


Struction of nerve cells. Some therapies which are used for paresis 


(e. g., fever) and for cretinism (thyroid extract) raise the cerebral 
ivity. Investiga- 


Metabolic rate, but they also accelerate enzyme actı 
slic rate in schizophrenics and in depres- 


tions of the cerebral metabc 
shown it to be normal, but recent evi- 


Sive psychotics have usually 
dence has thrown some doubt upon this finding. 
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pect of this topic is the role of asphyxia at ia 
ental deficiency, mental disorder, and oan 
Because of the facts that asphyxia at birth 0 5 
one-fourth of fetal and infant deaths and that many of those * 5 
survive have obvious damage to the CNS, as in the case of P 15 
has occurred to one investigator that probably many other D e 
have less obvious, but none-the-less real damage. He ei ae 5 
study to test the hypothesis experimentally, using guinea pigs 1 
than human beings. One guinea pig fetus was delivered by awe 
section, and its litter-mate control was asphyxiated by cutting off a 
ternal circulation to t varying periods of time, pee 
4% to 23 mi imit of survival of a guinea pig fet A 
without oxygen — Without exception all the 75 
oms of nervous system gaman , 
and perceptual deficit. 1 
an 8 minutes showed . 
of this group were inferior 5 
A good deal of support is 
e€ suspicion is strengthened 118 
Prolonged asphyxia in huma 


maze learning, 
pothesis, and th 


be] a glucose in cerebral metabolism aP 

De less critic a 8 A ‘ 1 15 
. . the Protective homeostatic mecha f 
8 8 5118 
Cose supply at the expense of oth 


å $ j at, 
ant and Prolonged fall in blood sugar, 


which can occur in both 1 artific 
foundly affects the functioning Of the br. 
can be tolerated by the brain for 0 
ble damage. Such hypoglycemi in various diseases, in 
some kinds of poisoning, or arti sulin shock therapy often 
given for “ functional“ psychoses. Ptoms are likely to be 
hallucinations, amnesia, Outbursts of anger, and in Se CaeESG 
coma. 


An important aspect of metabo 


. . 0 
ial circumstances, el 
ain. Extreme hypoglycemi 


nly a few hours Without irrevers!- 


lic disorder of the brain involves 
tentative as Jet and only a few 


Nescarch on enzymes is made sig- 
h very subt] 


organs. Cholinesterase in excess of normal has 
tissue from the frontal lobes of Some deterj 


: Orated 
This has led to some speculation that the un 


. 28 * 
schizophrenics. 
d 


erlying Pathology is a 
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neurons in the frontal lobes with sub- 


Sequent exhaustion. In the same specimens, another enzyme, acid 
Phosphatase, appeared to have a somewhat reduced reaction in corti- 
cal cells. A more thorough study * of still another enzyme, carbonic 
anhydrase, revealed patterns of distribution within the nervous sys- 
tem, in both animals and men, which appeared to be related to CNS 


function, There were species differences found and, also, differences 
at of the nervous system. The amount 


nd to increase with higher levels of 
Within the cortex itself, 


hronic excessive discharge of 1 


at various stages of developmer 
of carbonic anahydrase was fou 
thes brain in both gray and white matter. 
differences were found for various functional areas. This enzyme is 
Not present at all in the cerebrum until late in fetal development in 
lower animals and there is none in the human cerebrum at birth. 
Such findings relate well to behavioral development. Analysis of en- 


zyme content of brains of psychotics of various diagnoses showed a 
evels of the nervous system were involved, 


e of the pattern of distribution. Analysis 
showed that many had an enzyme 
vas less than the normal 


regular increase as higher l 
but there was a disturbance 
ot 105 brains of mental patients 
Content in the prefrontal areas which v 


amount. 
A specific metabolic disturbance whic 
disorder is that of protein metabolism.“ In 


connection with mental i p 

a small sample it was found that the protein-producing system of the 

frontal cortex was poorly developed 85 n e . ane 

substance which was show to produce increases in CNS protein con- 
n chronic schizo- 


. * 1 G. 1 
tent in rabbits resulted in some improv ement 
phrenics and other psychotics, though some of the impi ovemenhmey 


have been spontaneous. , 0 : 

The Electroencephalogram. EEG isan reg 1 5 e oi wee 
Search upon the function of the brain, but it 25 been of little aid 
to the psychiatrist or clinical psychologist sie 8 . tool except 
disorders, notably epilepsy and brain tumors. 
Marked disturbances of the normal pattern ae m both these con- 
ditions, Slow rhythms are usually found in ie region of tumors. In 
epilepsy, there is a typical slow wave and spike patter and spikes 
typically are associated with the actual seizures. Slow thythms 
(below 4 per second) without spikes are seen whenever cortical func- 
tion is depressed, as in hypoglycem 14 enone anesthesia, sleep, and 
normally in infancy. The EEG is not of assistance at the present time 
in diagnosing schizophrenia or other functional psychoses. 

The Autonomic Nervous System. The role of the ANS in mental 
r has been studied infrequently and then largely in terms of 


h has been investigated in 


in certain specific 


disorde 
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blood pressure responses. In older patients with a long nee 
psychosis, the ANS seems to be less reactive than in normal individ- 
uals. In a recent study of 110 cooperative schizophrenics with a recent 
onset of the disorder, it was found that they show a marked apparent 
hyperactivity of the sympathetic system.? In gs psychoneurotics, the 
apparent dominance of the sympathetic system was less extreme, et 
was significantly different from normal.’ Other lines of evidence sug- 
gest that schizophrenics and psychoneurotics do not necessarily show 
the same patterns of autonomic function, and the different patterns 
may be indicative of fundamentally different mental characteristics 
in the disorders. This work is still exploratory in nature. 

Aging. Finally, the process of aging produces physiological 
changes which are of significance in mental disease. It is a matter of 
some debate whether these changes are natural and inevitable proc: 
esses or whether they are basically the result of disease processes, die- 
tary imbalances, or metabolic disorders. In any event, at the present 
time these changes appear to be unavoidable. In many cases they do 
not lead to real disorder, but they may. The two major sources of 
physiological difficulty are a deterioration and atrophy of the brain 


cells which is not particularly selective and leads to senile psychosis 
and arteriosclerosis of the brain (hardening of 


The latter condition may affect certain areas 1 
therefore, lead to more varied and less general 
impoverishment of circulation in 
tive changes in the brain cells. 
Mental Deficiency. Following 
physiological factors in mental dise 
orders themselves is in order. Mental deficiency is a real social prob- 
lem, and is of interest here because of the large number of physio- 


logical causes which produce it. There are a number of types of 
mental deficiency which are inherited 


cephaly, and a condition c 
tions are usually recessive 
RH factor accounts for 


the cerebral arteries) . 
more than others and, 
symptoms. It results in 
an area with resultant degenera- 


the above discussion of specific 
‘ase, some consideration of the dis- 


including mongolism, micro- 
alled phenylpyruvic amentia. These condi- 
genetically, and some are sex-linked. The 
some cases of feeblemindedness, and is caused 
by a combination of an inherited characteristic plus the interaction 
of this characteristic with the maternal environment. How 
herited characteristics produce their effect is not known. 
Another group of causes for mental deficiency 
development: nutritional deficiencies of the mother (which may be 
cither metabolic disorders or inadequacy of diet), 
infections during pregnancy. 


these in- 
operate during fetal 


toxins, X-rays, oT 
Birth injuries of several sorts account 


for a large number of cases: mechanical damage to the brain, hem- 


Epilepsy 415 


orrhag r xi i 

— a om or asphyxia. In a study of goo children whose brain defects 
re i 1 iti i 

thought to be related to conditions occurring at birth, 70 per- 

Hydrocephalus, i.e., water on the 


cent had a history of asphyxia." 
al fluid and conse- 


1 
i 5 s gace pressure, is another cause 
sure on the develo A sarpa d — pee win akg ig td 
5 l pi g n nd d aage to neurons results. Cretin- 
produc ed either by thyroid deficiency itself or by disease of the 
anterior pituitary and, thus, deficiency of the thyrotrophic hormone, 
Produces feeblemindedness which can be prevented if treated in time. 
Specific metabolic disorders may also cause mental deficiency. Re- 
rei it has been shown that feeblemindedness due to phenyl- 
1 — by an ama acin called phenylalanine, can 
5 y e ee dy feeding a diet from which this substance has 
xtracted chemical ly. Moreover, various toxic, virus, and trau- 

Matic conditions in the early life of the child may also produce men- 
tal deficiency. As an example, in a study of 128 children who had 
whooping cough at a very early age, 15.6 percent became intellectually 


retarded.” The percentage was higher for the first two years of life. 
ar deficiencies. 


Other vi Sanit 
ther viruses cause simil 
p of symptoms which may be 


Epilepsy refers to a groug 
of conditions, including brain tumor, Me- 
and some unknown physiological 


ent techniques. It is not a 
onvulsive disorders, with 
‘ere forms, there are con- 
loss of consciousness, 
grand mal epilepsy 
hich may consist of 

a- 


Epilepsy. 
Produced by a number 
chanical injury to the brain, 
changes which cannot be detected by pres 
Specific disease, but rather a group of c 
some associated symptoms. In the more sev 
Vulsive movements, autonomic disturbances, 
and dramatic changes in the EEG pattern. In 


there is an aura, oF premonition of the attack, W 
Various unpleasant hallucinations, ordinarily typical for a given p 


tient. There follows a sudden loss of consciousness, when the patient 
falls and often injures himself, accompanied by tetanic contraction 
of skeletal muscles. abnormal autonomic responses. and finally con- 
Vulsions. Sleep, or coma, usually ensues. The EEG pattern is char- 
acterized by very last. voltage activity. In petit mal 
epilepsy, the convulsive e likely to be limited to 
twitching of the eyelids o 5 of consciousness is brief 


and usually does not involve falling. al often develops into 


grand mal. There are other related conv metimes 
lepsy. in which t 
ble except with E 
bnormality of EEG pattern, even W 


high 
movements ar 
r head and the los: 
Petit m 
vulsive disorders, sor 
he involvement is 8 
FG. In most cases of 
hen 


called psychomotor epi o slight 
that it may not be detecta 
epilepsy, there is definite a 
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seizures are not in progress, but about 15 percent of epileptics fig not 
show these abnormalities, and about 10 percent of presumably nor- 
mal” individuals do show abnormalities similar to those found in 
epileptics. Some of these may develop epilepsy later. There are about 
650,000 epileptics in this country, most of whom do not require in- 
stitutional care. : : i 

Senility. Senile psychosis is an important diagnostic category, 8 
more and more psychoses of this type appear as life span increases aus 
as the population becomes, on the average, older. Old age does not 
necessarily bring senility and senility may be relatively mild; but 
often a real deterioration of brain tissue ensues and psychotic symp- 
toms appear. The brain changes which occur in this disorder involve 
reduction in the number of neurons. There is loss in brain weight, 
due to atrophy of cells, and other cells show degenerative changes. 
The symptoms often start as an intensification of ordinary, nonpatho- 
logical traits of old age: loss of interest in the environment, rigidity of 
habit patterns, a tendency to reminisce. The psychosis may involve 
several of a large number of symptoms. There may be mental de- 
terioration with loss of memory for recent events, loss of contact with 
the environment, suspicion and resentment of younger family mem- 
bers, abnormal sexual behavior, carelessness of appearance, confusion 
about present events, sometimes hallucinations and delusions, and 


many others. The hoarding of wealth or other objects by elderly re- 
cluses, often noted in the newspapers, i 


s rather typical of the senile 
pattern. This psychosis is not the same as that produced by arterio- 
sclerosis of cerebral vessels, although both typically occur in old age. 
In the latter, the destruction of tissue may be more selective and there 
is usually some awareness of the condition. 

Functional Psychoses. Schizophrenia is an important diagnostic 
category at the present time and a large percentage of psychotics are 
so diagnosed. Although we have already indicated the physiological 
factors which have been considered in relation to schizophrenia, it 
may be helpful to summarize them together her 


e. Schizophrenia is 
probably not a single disorder. It is probable that 


a number of condi- 
tions can be responsible for the symptoms, so one should not expect 


a single factor to account for all cases thrown into this “ wastebasket ” 
category. There are a large number of symptoms usually associated 
with the conditions described as schizophrenia, but the central core 
without which the case would probably not be so classified are the 
following: (1) feeling-tone is usually lacking or inappropriate; the 
patient may show no emotion at events which normally induce strong 
emotions, or he may giggle where you would expect grief; (2) there 
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is a progressive withdrawal from environmental and social contacts; 
the patient retires more and more into a solitary existence; (3) at- 
tention is concentrated on internal events, and it is difficult to get 
the individual to attend to external occurrences; (4) associations of 
ideas are disturbed, bizarre, and illogical, and symbolic systems are 
developed which are peculiar to the individual; (5) delusions and 
hallucinations are extremely common. Schizophrenics are usually 
classified into four types, but the evidence for these types is not good. 
As already indicated, there is some evidence for the existence of a 
number of types based upon biochemical, endocrinological, and 
other physiological factors, but they do not appear to correspond to 
the present diagnostic classes. 

factors which have so far been studied have 


The physiological 
investigations 


proved suggestive, but not conclusive. Histological 
have not uncovered any gross CNS defects, but the assumption is that 
metabolic level and would not show up as gross 
degeneration. Cerebral metabolic rate has been studied a number of 
times and the present consensus is that there are no differences be- 
tween normals and schizophrenics, although there is some disagree- 
ment. There is a growing body of evidence that some enzyme sys- 
tems are deranged in schizophrenia, but it is too early to say how im- 
portant this will prove to be. The endocrines are apparently not of 
Specific importance, with the possible exception of the adrenal cortex. 
There is some evidence that cortical steroids are not produced nor- 


mally in response to stress in schizophrenics, although it is not clear 
ful to a schizophrenic. Also, 


the disorder is at the 


Just what could be expected to be stress 
protein metabolism may prove to be a factor differentiating schizo- 
phrenics from normals, but research is not far advanced in this area. 
Finally, some differences in ANS balance have been reported, but 
Need verification. 

A difficulty which besets all clinic 
tain percent of spontaneous remissions m 
for beneficial effects of therapies must take this into account and 
produce a significantly greater number of “cures.” In the case of 
Schizophrenia, the percentage of spontaneous remission varies from 
18.2 percent to 65 percent, depending upon the particular study and 
the duration of the illness at the time of tallying. This makes 
evaluation of therapies and causes difficult. One finds that the con- 
ditions which make for greater therapeutic success (short duration 
for greatest percentage of spon- 
been able to overcome this 


al research is the fact that a cer- 
ust be expected. Any claims 


of illness, for example) also make 
taneous remissions. Psychotherapy has not 


difficulty to the satisfaction ol research-minded workers. One line 
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of evidence which lends some confidence to the physiological ap- 
proach is the discovery of genetic factors in schizophrenia. This direc- 
tion will probably be pursued with more vigor in the future. So little 


is known of other psychiatric categories that it is not profitable to 
discuss them. 


Therapies. A brief discussion of some of the currently employed 
therapies is of interest. Psychotherapy, as already indicated, has not 
proved outstandingly successful for schizophrenia and other so-called 
functional psychoses, although it may be a useful adjunct. Organic 
therapies have not proved outstanding either; but, since they are 
more specific, the difficulty may be that disorders of very diverse 
etiology are treated similarly or that the wrong agents have so far 


been tried. A popular treatment 


at present is prefrontal lobotomy and 
related surgic 


al procedures. This involves severing some or all of the 
prefrontal lobe connections to the rest of the brain. Usually lobotomy 


is performed when other treatments fail and there is no reasonable 


hope of recovery. In some cases it appears to make the patient more 
manageable, and less unhappy. There is argument as to the amount 


of intellectual deterioration it produces. It has been used in some 


schizophrenic cases, in extremely agitated cases, and where obsessive 
behavior patterns dominate. 


Endocrine therapies have not proved themselves except in those 


cases where the primary disorder is a severe 8 
The use of cortical steroids for the tre 
in the experiment 
available. 


ndocrine imbalance. 
atment of schizophrenics is still 
al stages, with both positive and negative evidence 
The shock therapies — electroshock and insulin shock — 
are widely used. Insulin, producing a hypoglycemic coma, is em- 
ployed less frequently than electroshock. A series of shocks is given 
the patient, each resulting in coma and usu 
sumably, the oxidative functions of the 
and what rationale there is be 
sponse patterns are broken up. 

Recently carbon dioxide inhalation therapy has been introduced. 
A series of treatments, consisting of inspiring a go-percent C0 
70- percent O, mixture until consciousness is lost, has been reported 


of benefit to some kinds of disorders. The rationale behind the 
therapy is a counteraction of wh 


ity of the hypothal 
the patient has . 


ally in convulsions. Pre- 
brain are altered by the shock, 
hind the therapy explains that the re- 


at is presumed to be a hyperexcitabil- 
amo-cortical system. In the course of a treatment 
arious motor and sensory symptoms. A number of 
other techniques have been tried, more or less on a trial and error 
basis, and although some successes are always reported there is not as 
yet any convincing evidence of their efficacy. An example is the use 
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of glutamic acid, at first reported to improve intelligence. Unfortu- 
nately glutamic acid will not pass the blood-brain barrier, so any re- 
ported effect upon brain function directly would be very much sus- 
pect. 

In conclusion, we can state that research on the physiological bases 
of mental abnormality has merely begun. It seems entirely reason- 
able, however, to suppose that mental abnormality, whether it be 
Styled “organic: or functional,” can have physiological bases. 
When the physiology of individual differences is better understood 
we shall better understand the psychology of individual differences. 
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25 | Some Problems in 
Physiological 
Psychology 


In the first and second chapters the basic point of view of this book 
was discussed in some detail. 


Briefly put, this view is that living or- 
ganisms are psychobiological; 


that is, they are themselves not natu- 
rally or really divided into physiological parts and psychological parts. 
This point of view implies that understanding behavior involves the 


consideration of physiology as well as psychology. This is the basic 


justification for the study of physiological psychology. An under- 
standing of the ways in which the CNS, the ANS, and other bodily 
mechanisms function enriches our appreciation of the study of be- 
havior. 


Our survey of physiological psychology has, of necessity, considered 
the organism in piecemeal f: 


ashion. In the first chapters it was neces- 
sary to introduce the fundamental physiological and anatomical facts 


upon which to base the more psychologically oriented later chapters. 
Only in the last chapters was it possible to deal with the organism- 
as-a-whole; the organism as a sensient member of society, depending 
for its normal adjustment to the world around it upon the orderly 
functioning of its internal economy. But this is the“ real ” organism; 
the analyzed organism of the early chapters is the product of necessity, 
of the impossibility of comprehending the entire organism at once. 
In our survey of facts and principles, it was necessary to express 
ignorance on many occasions. Many of the most basic problems of 
physiological psychology remain to be elucidated. Some of these prob- 
lems are proper subject matter for the biochemist and neurophysi- 
ologist and are currently being attacked with considerable energy- 


Still others will require the combined efforts of physiology and 
psychology for their solution. 


In order to emphasize the range and importance of research effort 
in the general arca c 


of psychobiology, we have outlined in this chapter 
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some of the more important problems. Not all are of equal impor- 
tance, of course. And new insights and new approaches will arise to 
Open up new vistas. But at the present, the problems given here are 
valid and of interest. 

Some Problems of Nerve and Receptor Cell Action. Although 
the study of nerve and receptor cells is largely the concern of the 
physiologist, the outcome of the research is of interest to the psycholo- 
gist. Bearing particularly on the problem of understanding behavior 
are the following: 

1. The Nature of Excitation. In Chapter 6 and in the other chap- 
ters dealing with sensation, you read many times the statement. We 
do not know the true nature of the adequate stimulus.” To this we 
might have added, “ In no case do we know the true nature of excita- 
tion in a given receptor or other nerve cell.” Of particular interest is 
the manner in which the differentiated receptor cells are excited. 
What accounts for the reaction of the rods and cones to light and, 
among them, to different kinds of light? How explain the reaction of 
the olfactory membrane to odors, of the taste buds to chemical solu- 
tions, of the Organ of Corti to vibrations, or of the differentiated re- 
ceptor cells of the skin in different forms of energy change? And, 
fundamental, how explain the reaction of free 
have often mentioned — 
al — which serve also to 


perhaps even more 
Nerve endings to the group of stimuli we 
mechanical, electrical, chemical, and therm 
excite the cell membrane of undifferentiated organisms like amoeba? 

2. The Nature of Synaplic Transmission. A closely related prob- 
lem is the manner in which one nerve cell activates another. We have 
alluded briefly to the theories of electrical and chemical transmission 
of the nerve impulse across the synapse, but the problem remains un- 
resolved. Probably chemical transmission is the rule in the ANS. But 


do synapses in the CNS work in the same way? The answer will be of 


importance to the physiological psychologist. 

3. The Nature of Inhibition. The nature of excit 
cell or of one cell by another is only part of the problem of individual 
nerve cell action. Another important problem is how one nerve cell 
can inhibit the action of another. We know that such inhibition does 
a which it is brought about is still not 
it is not certain whether a given nerve 
and inhibitory functions at different 


ation of a single 


occur but the exact manner ii 
completely known. Moreover, 
cell can have both excitatory 


times and under different col 
citation. Without it we could not walk 


aditions. Inhibition is as important a 


factor in our behavior as is ex 
or engage in any form of coordinated activity. let alone attend to any 
given thought. It seems clear, then, that much more must be known 
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about the basic process of inhibition if we are to have any real under- 
standing of behavior. 

4. The Nature of Receptor Adaptation. We know that adapta- 
tion to stimulation of the sense organs occurs, and the facts of adapta- 
tion have been mentioned in the chapters on the different senses. But 
Where does the adaptation occur? In some cases — touch, vision at 
least in part, for example — the receptor cells themselves adapt. But 
in other senses, this is not true and adaptation takes place in the CNS. 
The elucidation of these relationships will be of considerable interest 
to the psychologist interested in sensation. : 

Patterns of Nervous Action. Patterns of nervous action may in- 
volve any group of two or more cells and, of course, they have tem- 
poral characteristics — that is, a time sequence in action is involved. 
The temporal characteristics of nerve-action patterns are practically 
infinite in number. Not only are they influenced by the number of 
nerve cells involved and by the self-limiting functions of each cell 
and synapse in the pattern, but by more general internal and external 
conditions. Thus, it is not surprising that we think, speak, or other- 
Wise act at differing rates of speed, at different times, It is surprising, 
perhaps, that we demonstrate so many different forms of rhythmical 
activity. 

1. Self-Limiting Functions. Basic to the problem of temporal 
pattern in nervous action are the self-limiting functions of nerve cells 
and synapses. We know that nerve cells conduct at different rates of 
speed, have different recovery rates, and demonstrate periods of rela- 
tive refractoriness. We also know something of the matter of delay at 
Synapses and appreciate the fact that the more synapses involved in 
a given stimulus-response circuit, the greater will be the conduction 
time. The problem of individual differences in rates of reaction 
should be investigated at these basic levels. 


2. Rhythmical Phenomena. Rhythmic patterns of action in the 
Nervous system have long been 


appreciated, but only recently are re- 
ceiving thorough investigation. Of course, the rhythmical nature of 
the heart beat and the respiratory cycle are fairly well understood. 
But our knowledge of other rhythmical activity is not as satisfactory. 
What about tremors of the fingers or other parts of the body, — or 
what about nystagmus? What are their causes, their correlates, and 
their significance in human behavior? And, perhaps of even greater 
ignificance, what about the different rhythms of potentials from the 
brain that we have discussed in Chapters 19 and 29? All constitute 


fascinating problems in a partially explored field. You probably will 
hear much of them in the future, 
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3. Compensatory Phenomena. In this text you frequently have 
seen such terms as adaptation, adjustment, compensation, and home- 
ostasis. All might be regarded as compensatory phenomena. The 
problem of sensory adaptation has already been mentioned. It also 
constitutes a form of compensatory phenomenon. 

Many psychologists today are concerned with the problem of hu- 
man adjustment, and the word is used in many different senses. Al- 
though we make many different adjustments almost entirely at the 
psychological level (e. g., We give up one goal in order to attain an- 
other), many of our adjustments in life are obtained at the physio- 
logical level. Furthermore, many of them assume a cyclic nature. For 
example, we engage in so much activity, become fatigued, and rest 
or sleep. We consume so much food and liquid, eliminate that por- 
tion of it that we do not utilize, and again become hungry or thirsty. 
Most closely related to rhythmical activity but still a compensatory 
phenomenon is our act of respiration. There are many other forms 
of compensatory behavior in which we engage but of which we are 
rarely conscious; such as the changes in our peripheral vasomotor 
o changes in external temperature, or 
uscles during periods of exercise. 
isms are fairly well understood, 
g others is understood 


system and sweating reactions t 
the increased blood supply to m 
Many of these compensatory mechan 


of course, but the basic mechanism underlyin 
e have called it homeostasis, and have noted that 


changes in the two branches of the au- 
have suggested that under 
ually is the one 


in principle only. W 
it is related to compensatory 
tonomic nervous system in particular. We 
conditions of stimulation the sympathetic branch us 


that is first brought into action, and that it is followed by secondary 


action of the parasympathetic branch, which then upon occasion may 
s pattern of events 


overcompensate. There is ample evidence that this 

does occur and that it is based upon an underlying neural pattern, 
but we do not completely understand it. It is of great importance in 
the understanding of behavior and in particular in the understand- 
ing of some forms of psychosomatic disorders. It is important that we 
discover the underlying mechanism. 

4. Innate CNS Patterns in Man. Man has long been concerned 
with the relative importance of inherited and acquired character- 
istics. Today, he is somewhat less concerned with this problem than 
20 years ago, but in part this is due to the fact that he has been dis- 
couraged in his attempts to ferret out the effect of hereditary influ- 
ences as divorced from learning. Although most of our human be— 
havior patterns are learned, the potentialities for many of them are in- 
herited. They must involve action patterns in the central nervous 
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system just as surely as do the sucking reflex and the breathing reflex 
shown by all new-born human infants. The problem of their descrip- 
tion is difficult but will attract many investigators. 

Problems of Biochemical Influences. Psychologists cannot escape 
a consideration of the influence of internal chemical conditions upon 
behavior. A paramount need in scientific investigation today is for 
more biochemists with psychological training and interests, or more 
psychologists with chemical training and interests, or, most desirably, 
both. Until a “ meeting of the minds” in these two disciplines has 
been achieved, many important problems in physiological psychology 
will remain unsolved. 

1. On Nerve Cells and Nerve Nets. Many drugs are known 
which will facilitate nervous action in general, inhibit it in general, 
or do either selectively for different nerve cells and combinations of 
cells. Doctors may give us adrenalin or atropine depending upon 
their desire to stimulate or to inhibit certain nervous patterns, or 
our drinking of common beverages may make us “ jittery ” or stupor- 
ous, as the case may be. When we know the manner in which these 
individual chemicals influence action in single nerve cells or in nerve 
nets, we shall know much more about the manner in which they in- 
fluence patterns of nervous action and behavior. 

2. On Patterns of Nervous Action. Certain chemicals seem to 
have differing effects on different parts of the nervous system. This 
must be due to the different chemical structure of the different parts, 
but the details are not known. The general anesthetics used in surgi- 
cal operations afford one illustration of the matter we are discussing. 
They do not operate on all nerve cells in the body at the same time 
even though they presumably are being carried via the blood stream to 
all nerves at much the same time. Characteristically, their first action 
seems to be on higher nervous centers — those most recently added 
in evolutionary history. Gradually, with continued application, they 
exert action on lower and lower centers. There are many other illus- 
trations. Anoxia affects the more rapidly metabolising structures first. 
Some drugs are known for their ability to produce dream states, 


others produce images of geometrical design, still others produce 
Sensations of worms crawling over the body. 


Here, too, lies the important field of relationships between en- 


docrine secretions and behavior. What are the actual factors in pitu- 
itary secretion that influence migratory patterns of behavior? Or how 
may one explain the changed patterns in the mating behavior of 
some species that result from subtraction, and then addition, of 


gonadal hormones? Such relationships not only are significant, but 
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they constitute fundamental problems in the understanding of be- 
havior. 

3. On Muscle Action. We know that muscular action is funda- 
mentally due to alteration in chemical bonds. We have reason to be- 
lieve, also, that the manner of stimulation of muscle by nerves is also 
partly dependent upon chemical media, and that certain chemicals 
(such as curare — the South American arrow poison) will block this 
action between nerve and muscle. Beyond this we know little, whether 
it be of individual action, or of individual differences in muscle ac- 
tions between different people. Yet these are all important problems 
in any study of behavior, for the behavior of most organisms depends 
upon muscle action. Furthermore, muscle tension is a factor in per- 
sonality and a form of motivation in human behavior. A closely re- 


lated and important problem is that of fatigue. Muscles may become 


fatigued after constant action but we know that in many instances 
we are actually referring to no real 


When we say “ we are tired,” 
fatigue in human beings 


change in muscle functionability. In short, Í 
is not understood. 
4. On Organismic Behavior. 


in this chapter all relate to organismic behavior, 
at certain internal biochemical states lead directly to 


As was pointed out in Chapter 20 these 
ir mode of operation is not al- 
s the nature of the food deficit 
activity in organisms? And 
Are internal chemical al- 
noke, to consume alcohol 


Although the problems mentioned 
it seems desirable 


to emphasize th 
certain patterns of behavior. 
are motives, and their nature or the 
Ways understood. For example, what i 
drive and how does it lead to increased 
What about some of our learned addictions? 
terations associated with the motivation to st 
or coffee, or to take drugs? The answer, presumably, is yes; but we 
are not certain. These and many other problems in this field require 
further investigation. We cannot overemphasize the importance of 
the problems raised in this section on biochemical influences. Each 
cell must be regarded as a chemical factory, and almost every opera- 
tion of it is chemical in nature. The study of cellular physiology is 
essentially chemical in nature and so, also, is the study of physiology 
in general. Physiological psychology, then, must await basic bio- 
s before it can solve many of its persisting prob- 


chemical discoverie 
lems. 

Problems of Cortical Function and Behavior. The initial study 
of the effects on behavior of electrical stimulation of the cerebral 
cortex occurred less than a century ago. Since that time the experi- 
mental investigation of cortical function has occupied many investi- 
gators and it will continue to do so for years to come. Only a few 


of the significant research problems are mentioned here. 
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1. Sensation and Perception. Many of the important problems 
concerning sensation already have been solved, but at least twomajor 
areas of unknowns remain: (1) the problem of differential irritabil- 
ity of receptor cells, which has been treated above, and (2) the prob- 
lem of quality in sensation. We ordinarily assume that the place in 
the cortex to which afferent impulses are projected determines the 
quality of sensation. Since the nerve impulses in all afferent fibers are 
believed to be the same, and since the receptor cell can be circum- 
vented and different qualities of sensation can be produced by direct 
stimulation of the cerebral cortex, it would seem to follow that the 
projection area is the most important factor. However, we have to 


ask, how is it possible that if one place in the cortex is stimulated we 
have the sensation of odor while if another pl 


ace is stimulated we 
have the sensation of vision? W 


e need to discover the differences in 
cortical organization which underlie these sensory differences. f 

2. Pleasantness and Unpleasaniness. Another perennial and im- 
portant problem is the nature of 
man. We know that both 
tion of human behavior; 


pleasantness and unpleasantness in 
are of utmost importance in the determina- 
but you will notice that we have made in- 
frequent reference to either in this textbook. We have used “ nox- 


ious ” and defined a noxious stimulus in terms of overt 
havior, but w 


ness.’ 


, avertive be- 
e do not have a comparable substitute for“ pleasant- 
Pleasantness and unpleasantness can be thought of 
of perception, but of a general nature. W 
formation as to how 


as qualitics 
e have practically no in- 
such perceptions are mediated or of the manner 
in which they assist in determining other beha 


vior, We do not under- 
stand completely the import 


ant sensation which we call pain, nor 
are we certain about the portion of the cortex which is responsible 
for it. We know that it determines much of our 
do not understand how. 


3- Learning and Memory. 


behavior, but we 


Even less well understood are the all- 
important functions in man of learning and memory. We know that, 


for the most part, they are mediated by the cerebral cortex, But we 
do not know what changes in the nervous system underlie learning 
and we are not sure what regions of the cerebral cortex are primarily 


concerned with memory. Perhaps a better understanding of these 
problems will permit better contr 


4. Imagination and Thought. 


interesting theme of attempting ti 
man w 


ol of learning. 
A recent novel was based on the 


o define man. It concluded that 
as to be distinguished from other 
agination and thought — 
self-contempl 


animals in terms of his im- 
particularly, his propensity to engage in 
ation and contemplation of the world about him. Many 
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other writers and philosophers have reached similar conclusions. Al- 
though comparative psychologists might differ and might say that 
subhuman animals do demonstrate both imagination and thought, 
they would agree that these abilities or activities are not shown in 
any other animal than man with the frequency and product demon- 
strated by him. 

You probably know what you mean when you use either of these 
two terms, but ask the psychologist what he means and he will begin 
to equivocate. He not only has no adequate definition for either, he 
has no thorough understanding of the processes involved. He can 
say that there is good evidence that they are made possible by the 
frontal lobes of the cerebrum; but this conclusion is largely an in- 
ference. It is based upon the fact that it is in these frontal lobes that 
man’s CNS differs most from other highly developed animals. Most 
eativeness and the capacity for reasoning are 
pre-eminent in intelligent behavior. But we have few if any adequate 
means for measuring them. True, we have many so-called intelligence 
tests. And, within their realm of application, they do a fairly ade- 
quate job. But the task of discrete measurement of the important 
functions of imagining and thinking is a primary one. When ade- 
quate measuring scales have been devised then we can begin to in- 
vestigate the relationship of such abilities to cortical function. 

5. Consciousness, Hypnotic States, and Unconsciousness. It is 
even more frustrating to consider the terms used to head this para- 
graph. You might be interested to know that the authors of this text- 
book spent their luncheon hours for a week attempting to arrive at a 
satisfactory definition of consciousness. The one finally published in 
the glossary satisfies none of us. Typical definitions employ the term 
“awareness,” which is just as difficult to define. When we attend to a 
certain event in our environment we are aware of it but at the same 
time we are unaware of many other events. When we are distracted, 
we lose awareness of the original event and become aware of another. 
When we sleep, we become less aware of many stimuli but seldom, if 
ever, totally unresponsive. Presumably when we become unconscious, 
we become unaware — but still our central nervous system continues 


of us would agree that cr 


to react to many forms of stimulation as long as we continue to be 


living organisms. Under hypnosis, awareness can be made quite selec- 


tive or, apparently, can be almost entirely eliminated. What kinds of 


processes are involved? At the moment no one knows. We do not 
even know the exact conditions which alter a waking state to a sleep 


state, or vice versa, although here, at least, a beginning has been 


made, as was seen in Chapter 23. 
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Presumably “ consciousness ” represents not a state but a con- 
tinuum of excitability, from the most complete form of alertness in 
which an organism is irritable to practically any form of stimulation, 
to the most complete form of unawareness in which an organism is 
irritable to few stimuli. In the range then from the most extreme 
level of “ consciousness ” to the most extreme level of “ unconscious- 
ness — short of death — would lie many different states. One por 
tion of the range undoubtedly justifies the term “ wakefulness ”; 
another portion undoubtedly justifies the term “ sleep ”; but we prob- 
ably must revise our thinking about the “ either-or ” character of 


these two states. Instead, we shall have to think in terms of degrees 


of wakefulness as determined by some objective criteria; or degrees 
of sleepfulness. Likewise we shall have to think in terms of degrees of 
consciousness, and degrees of unconsciousness. Presumably the states 
that may be induced through hypnosis may range throughout this 
continuum, but the validity of this statement can hardly be investi- 
gated until we have objective criteria for differe 


nt levels. After that 
comes the very interesting problem of investigating the physiological 


correlates of hypnosis and the mechanism by which such states are 
achieved, 

Physiological Factors in Abnormal Behavior. Abnormal be- 
havior for a given species is defined, of course 
deviates from the normal for that species. I 
organism at some time during its lif 
other form of abnormal behavior. 
tures, very often show abnormal beh 
do not sleep well, or we h 


as any behavior which 
t is probable that any 
e history will show one or an- 
We, as individual human crea- 
avior. We have a night when we 
ave a day when all we want to do is sleep. We 


cat too much, or do not eat enough, and our behavior suffers, Or occa- 


sionally we get queer “ mental quirks.” We begin to think that we 
are better than we normally are, or we begin to think that our abili- 
ties are deteriorating, Or even worse, we begin to think that people 
are plotting against us. Such behavior, if it becomes too extreme, or 
too consistent, becomes known as a “ disorder.” If we, ourselves, rec- 
ognize it as abnormal we are apt to consult a physician, a psychiatrist, 
or a psychologist. If we do not regard it as abnormal, but others do, 
we are apt to be forced to consultation, or may even be committed to 
a psychopathic hospital. As was pointed out in Chapter 24, some 
forms of abnormal behavior are commonly recognized as attributable 
to physiological disorders, while others are regarded as psychogenic. 
It is our belief that all forms of abnormal behavior have their physio- 
logical correlates, and that in some cases, not now recognized, the 
physiological correlates are causal in nature. We would emphasize, 
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then, the need to study physiological factors in psychopathology in 
general. 

Fortunately, we are not alone in this belief. And here we see a 
curious phenomenon. Medical practitioners have, in the past, been 
loath to give due consideration to psychological factors involved in 
bodily disorders. Psychiatrists and clinical psychologists, on the other 
hand, have been loath to give due credit to physiological processes 
in connection with so-called “ functional“ disorders. Two differ- 
ent groups of consultants to the public have, then, been operat- 
ing at extremes along what we regard as a continuum. Gradually 
these extremes are being extinguished, The average medical practi- 
tioner today is all too willing to admit the possibility of psycho- 
somatic disorders. The average psychiatrist or clinical psychologist 
today is willing to admit that there are some organic factors in psy- 
chopathology which he does not understand, We see some real hope 
in the near future for physiological psychology to serve as a meeting 
ground for these two less extreme points of view. Both physiologists 


and psychologists, pure or applied, will contribute to this better un- 


derstanding of abnormal behavior. 

Since Chapters 22 and 24 have been devoted entirely to the consid- 
eration of mental disorder, only a few problems of general reference 
will be emphasized here. Among these the one creating the most re- 
search interest at the moment is stress, and it is treated in some 
detail. 


1. Physiological Stress. For a number of years psychologists have 
* More often than not when they 
here was a conflict between two 
aying at the ocean 


referred to ” psychological stress.” 
used such a term they implied that t 
Strong motives. Consider for a moment the child pl 
side who has lost his rubber ball to the waves He wants the ball, but 
it is floating several feet out in the water which he fears. His oscilla- 
tory behavior of approaching the ball and retreating from the waves 
Is apt to be explained in terms of conflict between two motives. If 
both motives are strong, he is apt to end up in a dilemma which 
results in considerable physiological agitation, including the well- 
known childhood wail. But the latter form of behavior obviously in- 
vhich, also, have had their precursors. 


volves physiological changes 
In other words, it has come to be understood that we never have any- 


thing that can be called“ psychological stress without physiological 
Involvement. 

Over the years physiologists have gradually added meaning to the 
term “ physiological involvement.” First, it became realized that the 
autonomic nervous system was brought into a state of increased ac- 
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tivity, particularly in its sympathetic branch. More recently, it has 
come to be known that still another system is activated. This system 
sometimes is referred to as the hypothalamic-hypophysial-adrenal- 
cortical system. We shall not go into its details here. Suffice it to say 
that with stimuli which strongly activate the sympathetic nervous 
system we typically have additional effects which involve hypothal- 
amic stimulation of the pituitary gland (possibly via endocrine fac- 
tors) , the release of ACTH, the subsequent stimulation of the adre- 
nal cortex, and the release of one or possibly more factors from this 
little understood endocrine gland. These adrenal-cortical hormones, 
in turn, set up adjustive processes in the body but, on occasion, may 
overdo their work. In other words, overcompensatory mechanisms 
may occur which, in turn, set up new processes of disorder emt 
the organism. The whole response is called stress. Although the gen- 
eral pattern of this stress reaction has come to be known as “ the gen- 
eral adaptation syndrome ” (GAS), it is obvious that occasionally the 
adaptive mechanism gives way to one of overadaptation. Thus, a 
major need in today’s psychophysiology is a detailed study of the man- 
ner in which the autonomic nervous system and the endocrine sys 
tems cooperate in both adapting an organism to a stressor, and in 
Overcompensating. Stress may be produced either by psychological 
Stressors, such as intolerable home or working conditions, or by the 
more direct physiological stressors such as extreme environmental 
temperatures or extreme and prolonged pain. 
tion of the psychophysiology of stre 
much to our understanding of some 

2. Psychosomatic Disorders, 
matic disorders at some 
them here. We 


A thorough considera- 
may be expected to contribute 
forms of abnormal behavior. 

We already have treated psychoso- 
length and shall not give much attention to 
Wish to point out now only that overcompensatory 
mechanisms in connection with the stress response are believed by 
some workers to account for at least some of our Psychosomatic dis- 
orders; in particular, the development of ulcers, the development of 
arthritis, and the development of certain skin diseases, Psychosomatic 
problems are of paramount importance in today's medical practice. 
But in this enthusiasm for the Psychological aspect of medical dis- 
orders, we are apt to lose sight of the fact that basic physiology also 
is involved. Everyone does not develop an ulcer when stressed. Some 
get hives, some become asthmatic, some develop neurosis, and some 
just worry a little and get over it. What accounts for these individual 
differences? Certainly this problem is not solely psychological. It 


must be basically physiological. Here there are many questions but 
few answers, 
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3. Hysteria. One form of abnormal behavior which was among 
the first to be recognized and diagnosed is still among the least under- 
stood, It is known as hysteria. Hysteria is not as frequent in occur- 
rence as some of our other neuroses but it is particularly interesting 
for two reasons: (1) it involves a physical symptom for which there 
is no known organic pathology, and (2) it seems so closely related to 
some of the phenomena we observe during hypnosis. We have many 
forms of hysteria — partial blindness, partial deafness, partial paraly- 
sis, and partial anesthesia — but typically they are partial. Rarely, if 
ever, do they involve complete loss of ability. Hysterical symptoms 
are known to develop during or immediately following times of great 
stress. That they do occur without the volition of the patient seems 
fairly clear, That they involve patterns of cortical activity also seems 
clear, And the same kind of a condition can be produced under hyp- 
nosis. The question is, what nerve patterns are involved and how are 
they controlled? 

4. Faligue, Anxiety, and Other Neuroses. We already have re- 
ferred to fatigue (Chaps. 20, 21, and 23) and have suggested that it is 
related to emotional behavior and motivational conflict. Emotional 
behavior, however, is basically physiological, motivation is basically 
physiological, and strong conflict between motives produces physio- 
logical stress which in turn has other sequels. That “ tired feeling” 
is seen, then, as a true psychosomatic disorder, whether or not it be 
d to have extensive biochemical studies 


Classified as a neurosis. We nec 
of the chronically “ tired“ person. Without question the general 
feeling of tiredness has psychological components. Give such a tired 
Person the opportunity of a diversion which really interests him and 
often he loses his fatigue. What physiological factors, however, are 
can guess that some of them are 


involved in this loss of fatigue? We 
can even reverse his 


related to the autonomic nervous system — We 
him a dose of adrenalin — but this does not 


m. Undoubtedly many other factors are in- 
re thoroughly studied from a psychophysio- 
all continue to have millions of “ tired“ 


tired feeling by giving 
Solve the whole proble 
volved, and until they a 
logical point of view we sh 
people among us. 

The question of anxiety 
Chaps. 20 and 21). You know that we consider anxiety to be a spe- 
cific pattern of activation within the sympathetic branch of the au- 
tonomic nervous system. We have described it both as a pattern of 
emotional behavior and as a source of motivation. If these analyses 
are correct, it should be possible, theoretically, to control anxiety 


also has received previous attention (cf. 


neuroses. The basic element would seem to be a factor which will re- 
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duce the activity of the SNS. The theoretical ground work is laid; the 
essential experiments are now being conducted. It is too early to 
speak of the results. ; nS — 
5. The Psychoses. The psychoses, the true insanities, preser 
even more difficulties of understanding than do the neuroses. Some 
of them are obviously physiological in nature (see Chap. 24) But be- 
yond this we know little. What accounts for the systematized delu- 
sions that are shown occasionally in the disorder that is diagnosed as 
true paranoia? What accounts for the oscillatory swings from the 
depths of depression to the height of elation, as frequently seen in the 
disorder known as manic-depressive psychosis? And, perhaps even 
more significant in terms of the frequency of the disorder, what acs 
counts for the regressive behavior demonstrated by the schizophrenic? 
Mood shifts are common in many of us. We oscillate between mild 
degrees of depression and mild degrees of elation. On some days we 
function better than we do on others. The factors underlying these 
differences in behavior have never been adequately studied. When 


they are we may have some additional insight into the mechanisms 
of manic-depressive psychosis. Wi 


ithout question they are physiologi- 
cal in nature. Though they may have their psychological setting, and 


it may be that which actually induces them, they will not be induced 
in everyone. Any understanding of manic-depressive psychosis, there- 
fore, must go back not only to a study of moods and temperament but 
to a study of individual differences in patterns of activation in the 
nervous system. This is, basically, a problem in biochemistry and 


physiology. Psychology can do little with it until the underlying ele- 
ments are better understood. 


Schizophrenia is even less we 
good term; it covers too broad 
characteristics as re 


ll understood. It probably is not a 
an area and includes such different 
gression in behavior, retreat from society, depres- 
sion, or marked agitation — particularly ir 
known as paranoid schizophrenia, y 
of grandeur. In the last tw 
often have been treated by s 


System. These treatments have taken the form of insulin shock, met- 
razol shock, or 


instances the use of one of 
these forms of tre à 


who otherwise mio 


hospitals, Presumably all have 


similar effects upon the nervous sys- 
tem; 


but it is to be regretted that we do not know more about the 
manner in which any one of these convulsive forms of therapy exerts 
its effect. Electrical shock is used more today, not because it is known 


m 
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to be more generally effective, but because it is easier to apply and 
easier to control. Such forms of therapy provide stimulation to the 
nervous system in general; and in those individuals who demonstrate 
lethargic reactions to stimuli, these forms of shock therapy seem to 
be most effective. We infer, therefore, that shock or convulsive ther- 
apy does something to revivify the activities of the nervous system. 
We need to know what and how. 

Concluding Comment. The problems we have outlined above 
are only a few among the many facing physiological psychology and 
its related disciplines. In the near future many of them will be solved, 
for at no other period in history has there been so much support for 
basic research, nor so much general interest in scientific productivity. 
We hope your acquaintance with this book will better enable you to 
appreciate the new information in this ever-changing field. 
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Glossary 


5 (optical): Unequal re- 
sin 155 of light; light coming from a 
f S e source is not brought to a single 
ocus, 

Ablation: The removal of tissue. 
b Absolute refractory period: The very 
rief period after excitation in a neuron 
during which no response can be evoked. 

Accommodation (visual): Adjustment 
of the lens of the eye for sharp vision at 
various distances; it is accomplished by 
changes in tension of the ciliary muscles. 

Acetylcholine (ACH): A chemical 
Substance which is present in much nerv- 
Ous tissue, and is known to be liberated by 
Preganglionic ANS fibers, postganglionic 
PNS fibers, and those efferent fibers in- 
hervating striated muscle tissue. 

ACH: (See acetylcholine.) 


Achromatic color: A visual sensation 


which has no hue; the black-gray-white 
Series of colors. 
Acromegaly: 
Puberty; excessive 
fixed skeleton. 
ACTH: (See Adrenocorticotrophin.) 
Actomyosin: The complex chemical 
substance in a myofibril, responsible for 
muscle contraction. 
Acuity (sensory)? F 
discrimination. 
Adaptation: A progres 
sensory response following 
stimulation. - 
Adaptation, attentional: Decrease in 
response to a stimulus due to attending to 
something else. 
Adenohy pophysis: 
terior.) 
Adequate stimulus: The normal stim- 
ulus for a given sense organ. 
‘Adrenal cortex: The outer layers of 
the adrenal glands; secretes a number of 


Abnormal growth after 
lateral growth in a 


ineness of sensory 


sive change in 
continued 


(See Pituitary, an- 


hormones, collectively called cortin or 
cortical steroids. 

Adrenal glands: A pair of endocrine 
glands resting on the kidneys (see 
‘Adrenal cortex and Adrenal medulla). 

Adrenalin: A hormone of the adrenal 
medulla; usually synonymous with epi- 
nephrine. 

Adrenal medulla: The centers of the 
adrenal glands; a separate endocrine 
gland that secretes epinephrine and nor- 
epinephrine. 

Adrenergic: An adjective applied to 
substances which produce adrenalin-like 
effects, or to organs that respond to adren- 
alin. 

Adrenocorticotrophin: The hormone 
of the anterior pituitary which stimulates 
the adrenal cortex to release some cortical 
steroids. Also called ACTH. 

Afferent: Pertaining to the conduction 
of nerve impulses from the periphery of 
the organism toward the CNS and, 
within the CNS, from caudal elements 
toward the cerebral cortex. 

After-sensation, negative: After- 
image in which the qualities are the com- 
plements of those induced by the stimu- 
lus. 

After-sensation, positive: After-image 
in which the qualities are the same as 
those induced by the stimulus. 

Ageusia: Inability to taste a particu- 
lar quality or substance, taste-blindness. 

Agnosia: Inability to recognize ob- 
jects; may be primarily in one sense, e.g. 
visual agnosia. i 

All-or-nothing law: A generalization 
stating that if a neuron responds at all it 
will respond with the maximum energy 
possible at the given time. The law is 
5 applied also to single muscle 
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Allocortex: Older portion of the cere- 
bral cortex, closely associated with ol- 
faction. 

Alpha blocking: Disappearance of the 
alpha rhythmsas the result of stimulation. 

Alpha rhythms: In the adult human, 
EEG rhythms of about 8 to 12 per second. 

Amino acid: A constituent of protein 
containing carbon, oxygen, hydrogen, 
and nitrogen; there are several different 
amino acids. 

Ampulla: Enlargement of a semi- 
circular canal which contains the recep- 
tor cells. 

Anabolism: That aspect of metabolism 
which involves the building-up or resto- 
ration of protoplasm. 

Analgesia: Absence 
pain. 

Analgesics (sing. analgesic): Drugs 
which reduce the Sensitivity to pain. 

Androgen: A collective term for the 
male gonadal hormones (see Testoster- 
one), 

Anion: The negative ion, 
which moves toward th 
anode. 

Annulo spiral ending: A receptor of 
the muscle spindle which probably does 
not give rise to impulses reaching aware- 
ness. 

Anosmia: Inability to smell, 
totally or a particular substance or 
of substances. 

Anoxia: General oxy, 
one of several causes, 

ANS: 
tem.) 


Antidiuretic hormone: 
the posterior pituitary whi 
Production of urine, 

Antidromic: An adjective 
nerve impulse vw. 
axon process and 
che cell body of 
other axon termination. 

Antipyretic: A drug which lowers the 
body temperature or reduces fever. 

Aphasia: Difficulty in recog: 
producing language. 

Aqueous humor: 
the space betw 
and the lens. 

Arachnoid: Del 
geal layer. 

Association cells; Neurons other than 


of the sense of 


the one 
e positive pole or 


either 
group 


gen lack, from 


(See Autonomic nervous sys- 


A hormone of 
ch inhibits the 


applied toa 
hich originates in an 
l is conducted toward 
a neuron or reaches an- 


nizing or 


A fluid which fills 
cen the cornea of the eye 


icate, middle menin- 


afferent or efferent neurons. 

Auditory ossicles: The three small 
bones bridging the middle car from 
tympanum to oval window. 2 

Aural harmonics: Sounds generated 
within the ear itself. 

Autonomic nervous system (ANS): 
That portion of the nervous system, on 
central and peripheral, which sends ef- 
ferent fibers to smooth muscles and 
lands. 

; Axon: The neuronal process or fiber 
which ordinarily conducts impulses away 
from the cell body, toward other neurons 
or effector cells. 


Basal ganglia: The corpora striata. 1 

Basal metabolism test: A measure o 
the rate of oxygen consumption in a 
resting, fasting state; regarded as a meas- 
ure of function of the thyroid gland. A 

Beats: Rhythmic waxing and waning 
generated when two tones of slightly dif- 
ferent frequencies and about the same 
intensity are sounded together. ¢ 

Behavior: The activity of organisms. 

Bel: Unit of sound intensity. Now de- 
fined as the logio of the ratio between the 
given sound intensity and . oo02 dynes 
per cm?, 

Bends: Pain and tissue damage from 
rapid reduction in environmental pres- 
sure. 

Beta rhythms: Rhythms in the EEG 
of a frequency of about 25 per second. 

Bimodal distribution: A distribution 
of scores showing two peaks or modes. 

Binaural: Refers to both ears, as in 
binaural stimulation (stimulation of both 
cars at the same time). 

Bipolar cells: Cells in the retina which 
connect the visual receptors with the 
ganglion cells; also, in general usage, any 
neuron with one axon and one den- 
drite. 

Blood-brain barrier: All the collec- 
tive structures through which a substance 
in the blood must Pass to reach the in- 
terior of a cerebral neuron. 

Bodily image: 
tion of himself. 

Boredom: Psychological fatigue in the 
absence of significant previous muscular 
activity. 


Brain: The central nervous system 
above the spinal cord. 


The person’s percep- 


Brain stem: The brain exclusive of the 
cerebral and cerebellar hemispheres. 

Brightness: One dimension of visual 
sensation (or color); the light-dark as- 
pect; the similarity to white. 

Bronchia: The passages in the lungs. 


Calorie: The large calorie is the 
amount of heat necessary to raise 1 kilo- 
gram of water from 0° to 1° C. 

Cardiac muscle: The specialized 
muscle tissue found only in the hearts of 
mammalian organisms and others with 
true circulatory systems. 

_ Catabolism: That aspect of metabo- 
lism which involves the expenditure of 
energy with a breakdown of protoplasm. 

Cation: The positive ion, the one 
which moves toward the negative pole or 
cathode. 

Caudal: Pertaining to the tail region 
of an organism. 

_ Causalgia: A severe, persistent, burn- 
ing pain, with disturbance of temperature 
and abnormal skin appearance in the af- 
fected area. 

Cell (in Biology): The unit structure 
in organisms, which may be single-celled 
(Protozoa) or multicelled (Metazoa). 

Cell, receptor: (See Receptor.) 

Cell body: As used in this text, that 
portion of a neuron which contains the 
nucleus and associated structures, and 
from which extend the dendrites and 
axon, 

Central nervous system (CNS): That 
Portion of the nervous system which lies 
Within the skull and spinal column; the 
brain and spinal cord. 

Cerebellum: A central nervous system 
structure lying dorsal to the pons and 
beneath the cerebrum. 

Cerebral cortex: The surface layer of 
gray matter of the cerebral hemispheres. 

Cerebral hemispheres: The lateral 
halves of the cerebrum. 

Cerebrum: The uppermost or most 
anterior part of the central nervous sys- 
tems; those parts of the brain above the 
diencephalon. 

CFF: (See Critical flicker frequency.) 

Chemical integration (of behavior): 
The ordering of behavior via hormones 
and other chemical substances within the 
body. 

Cholinergic: An adjective applied to 
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substances which produce acetylcho- 
line-like effects, or to organs that respond 
to acetylcholine. 

Cholinesterase: Any of several en- 
zymes which cause the breakdown of 
acetylcholine. 

Choreoathetosis: Disorder of move- 
ment characterized by involuntary circu- 
lar or writhing motions. 

Chorionic hormone: A hormone se- 
creted by placental tissues in pregnancy 
which serves to maintain the state of 


pregnancy. 

Choroid: The middle coat of the eye, 
a layer containing blood vessels, and be- 
coming the iris at the front of the eyeball. 

Choroid plexus: Specialized vascular 
structure in a ventricle of the brain which 
secretes cerebrospinal fluid. 

Ciliary muscles: Muscles in the eye 
which change the shape of the lens, per- 
mitting variable focus. 

Cilium (pl. cilia): A short, hair-like 
projection on a cell. 

Climacteric: The cessation of repro- 
ductive processes; in the female this is 
often called the menopause. 

Clonus: A series of rapid involuntary 
contractions and relaxations in a muscle. 
CNS: (See Central nervous system.) 

Cochlea: Auditory portion of inner 
ear. 
Cochlear potentials: Changes in elec- 
trical potential which may be recorded 
from the cochlea. 

Colliculi (superior and inferior): 
Two pairs of small protuberances on the 
dorsal side of the midbrain, of which the 
uppermost are called superior and the 
lower inferior. 

Color: The general term for visual 
sensation. It is usually used for hue in 
popular parlance, but hue is only one 
dimension of color. 

Coma: State of complete unresponsive- 
ness from which the organism cannot be 
aroused. 

Combination tones: Tones generated 
within the auditory mechanism, by two 
primary tones, which are heard as tones 
with frequencies corresponding to the 
sums and differences of the two primary 
tones and their harmonics. 

Common chemical sense: The sense 
in the mucous membranes which re- 
sponds to certain chemical agents, prob- 
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ably identical with pain. 

Complementary (colors): Colors 
which will give gray when their stimuli 
are mixed. 

Conditioned response: A response 
which comes to be elicited by an origi- 
nally neutral stimulus. 

Conditioned stimulus: A stimulus, 
originally ineffective, which by associa- 
tion with a US becomes effective in 
eliciting behavior. 

Conductivity: The ability to propa- 
gate a nerve impulse or other physical 
change from one point to another; an 
ability demonstrated by nerve cells and 
other less specialized protoplasm. 

Cone: One of two types of visual re- 
ceptors; cones function in high illumina- 
tion and subserve color vision. 

Connector: In the primitive nervous 
System, a neuron between receptor and 
effector. 

Consciousness: A term used to de- 
scribe an individual organism while it is 
perceiving, remembering, thinking, im- 
agining. 

Contractility: The ability to shorten, 
or to exert pull if attached; an ability 
demonstrated by muscle cells and other 
less specialized protoplasm. 

Contraction, isometric: 
of a muscle without shortening. 

Contraction, isotonic: A contraction 
in which a muscle shortens. 

Contraction, phasic: Any 
traction in muscle whic 
tained. 

Contraction, tetanic: (See Tetanus.) 

Contraction, tonic: Any sustained 
tetanic muscular contraction. 

Convergence: The turning of the eyes 


inward so that near objects may be fix- 
ated. 


Cornea: 


Contraction 


tetanic con- 
h is not main- 


The transparent part of the 
outer Coat of the eyeball, which covers 


the front of the eye and admits and re- 
fracts light. 


Corpus luteum: 
body which develo 
ovulation and secr 

Corpus striatu 
The basal gangli 
spheres; large nu 
motor functions. 


The yellow, or luteal, 
ps in the follicle after 
etes progesterone. 

m (pl. corpora striata): 
a of the cerebral hemi- 
clei concerned with some 


Cortex: A surface layer of cell bodies 
on some organ, cf., cerebral cortex, cere- 


bellar cortex, adrenal cortex. 

Cortical steroids: The hormones of the 
adrenal cortex, sometimes called cortin, 

Cortical suppressor area: Cortical 
area stimulation of which leads to reduc- 
tion of activity in another cortical area or 
areas. 

Cortin: (See Cortical steroids.) . 

Covert: An adjective applied to in- 
ternal activities of organisms that or- 
dinarily can be observed only with the 
aid of special instruments. 

CR: (See Conditioned response.) 

Cranial nerve: Any ofa dozen pairs of 
nerves which enter or leave the brain 
rather than the spinal cord. 

Cranio-sacral system: The anatomical 
term for that portion of the ANS which 
involves nerve fibers coming from the 
brain stem and sacral portions of the 
spinal cord (see Parasympathetic nervous 
system). 7 

Cretinism: A state in which there is 
deficient thyroid secretion at birth or 
during the early years of life. f 

Crista: The mass of receptor cells in 
the ampulla of a semicircular canal. 

Critical flicker-frequency (CFF): 
The frequency of interruption of a light 
at which the separate light-dark phases 
are no longer seen and only a homoge- 
neous light appears. 

CS: (See Conditioned stimulus.) 

Cupula: Gelatinous mass associated 
with the crista in ampulla of semicircular 
canals. 

Curare: A drug which blocks the 
neuromyal junction and thus paralyzes 
Striated muscles. 

Cutaneous: Of the skin. 

Cycle: One complete revolution or one 
complete oscillation of a periodic event. 

Cytoarchitectonics: Study of the dis- 
tribution of cells and cell types in aŭ 
organ. 

Cytology: The study of cells. 

Cytoplasm: The material of living 
cells that is contained within the cell 
membrane, exclusive of the nucleus. 


db: Abbreviation for decibel. 

Decerebrate rigidity: Extreme ex- 
tensor tone shown after section of the 
brain stem above the vestibular nuclei. 

Decibel: One tenth of a bel. 

Delta rhythms: Rather slow rhythms 


in the EEG, characteristic of light sleep. 

Dendrite (typically pl.): One or more 
processes or fibers projecting from the 
cell body of a neuron which ordinarily 
are excited across a synapse and con- 
ducted toward the cell body. 

Dermatome: The skin area supplied 
with afferent neurons by a given posterior 
root. 

Deuteranopia: A form of red-green 
color blindness in which the visibility 
curve is normal but reds and greens are 
confused. 

Diabetes mellitus: A physical disorder 
caused by insulin deficiency. 

Diabetic coma: Unconsciousness 
caused by insulin deficiency. 

Diathesis: Predisposition toward disor- 
der in a given organ, inherited or ac- 
quired. 

Dichromatism: Partial color blind- 
ness; either red-green blindness or blue- 
yellow blindness; two primary colors are 
required to match all colors. 

Diencephalon: The uppermost por- 
tion of the brain-stem, consisting in large 
Part of the thalamus and hypothalamus. 

Diplacusis: Perception of different 
Pitches through the two ears with the 
Same stimulus. 

DL: From the German Differenz Li- 
men (see Difference threshold). 

Dorsal: Pertaining to the back of an 
organism. 

Dorsal root: Bundle of afferent nerve 
fibers entering the spinal cord; joins with 
a ventral root (d. v.) to form a spinal 
nerve. 

Dorsal root ganglion: The enlarge- 
ment on a dorsal root caused by a con- 
centration of cell bodies of bipolar af- 
ferent neurons. 

Drive: An unlearned motive. 

Dromic: An adjective applied to a 
nerve impulse which is conducted from 
dendrites and cell body toward axon 
terminations. 

i Dura mater: Tough, outer meningeal 
ayer, 


Ear, inner: Portion of ear lying in the 
skull, and consisting of an auditory por- 
tion (the cochlea) and a proprioceptive 
portion (the vestibular organs). 

Ear, middle: Air-filled chamber be- 
tween eardrum and inner car. 
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Ear, outer: The portion of the ear 
peripheral to the ear drum. 

Efferent: Pertaining to the conduction 
of nerve impulses from the cerebral cor- 
tex to lower centers but, more specifically, 
from the spinal cord and brain stem to 
muscles and glands. 

Effector: A cell, tissue, or organ that 
is specialized for some form of activity 
other than irritability or conductivity; 
i.e., usually contraction or secretion. 

Electrical field: As used here, refers 
to the changes in electrical potential 
surrounding an electrically charged por- 
tion of a cell membrane. 

Electroencephalogram (EEG): A rec- 
ord of the electrical activity of the brain 
recorded from outside the skull; brain 
waves. 

Electrolyte (in biology): A chemical 
substance within a living cell which can 
form ions carrying either positive or nega- 
tive electrical charges. 

Electromagnetic spectrum: The vari- 
ous wavelengths of radiation, varying, so 
far as is known at present, from 100° cm. 
(gamma rays) to 3 X 10° cm. (radio 
waves). 

Electromyogram: A record of action 
potentials in muscle. Sometimes called 
EMG. 

Elimination (in biology): The proc- 
esses by means of which organisms rid 
themselves of the waste products of 
metabolism and of other unusable matter. 

EMG: (See Electromyogram.) 

Emotion: Internal or visceral activity 
(see Emotional behavior). 

Emotional behavior: Behavior that is 
activated by the ANS. 

Emotional expression: Overt muscu- 
lar activity elicited either by emotion or 
by emotional ideation. 

Emotional feeling: The perception of 
emotion. 

Emotional ideation: An intellectual 
response which originally accompanies 
emotion, but which, through learning, 
may subsequently occur in the absence 
of emotion. 

Encephalization: Tendency, during 
the course of evolution, for the more an- 
terior parts of the CNS to show the 
greatest development and to assume 
dominance over lower structures. 

Endocrine gland: An organ of the 
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body which produces and secretes into 
the blood stream a chemical substance 
which affects another part of the body. 

Endocrinology: The science of endo- 
crine gland function. 

Endolymph: Liquid filling the cochlea 
and vestibular organs. 

Epilepsy: A group of convulsive dis- 
orders, often associated with clouding or 
loss of consciousness and changes in EEG 
pattern. 

Epinephrine: A hormone of the 
adrenal medulla; usually synonymous 
with adrenalin. 

Epithelium: Tissue which forms the 
skin and lines the hollow organs and pas- 
sages of the body. 

Equal loudness contours: Lines drawn 
on a chart which show the amount of 
stimulus energy necessary at each fre- 
quency in order that sounds at the dif- 
ferent frequencies shall be equally loud. 

Equilibratory behavior: Behavior 
that appears to be directed toward the 
reestablishment of a state of equilibrium 
in an organism. 

Equilibrium, 
Homeostasis.) 

Erogenous zones: Skin areas in which 
stimulation usually leads to sexual excite- 
ment (especially genitalia, nipples, and 
lips). 

Estrogen: A collective term for 
primary female gonadal hormones. 

Estrus (sometimes spelled oestrous): 
A period at which nonprimate female 
mammals are easily excited by, and re- 
ceptive to, males of their species; often 
called heat; usually associated with ovu- 
lation. 

Eustachian tube: Tube connecting the 
middle ear with the throat. It serves to 
equalize the air pressure on the two sides 
of the eardrum. 

Excitability: Irritability; the property 
of responding to one or more kinds of 
energy change. 

Excitation: Refers to 
arousing 


Physiological: (See 


the 


the process of 
or irritating a cell to heightened 
activity; the opposite of inhibition. 
Extensor: A muscle w 
part of the body. 
Extensor thrust: Extension of a limb 
as the reflex result of stimulation of the 
proprioceptors or pressure receptors of 
the toe pads. 


hich extends a 


External auditory meatus: Canal 
from outside of head to the eardrum. ? 

Extrapyramidal: Adjective referring 
to motor tracts or structures not in the 
pyramidal system, q.v. 


Fatigue, physiological: Reduction in 
the capacity of an organism to do work 
as the result of previous activity. Im- 
pairment, q.v. 5 

Fatigue, psychological: A feeling or 
perception of tiredness that usually in- 
creases with work output and with time 
elapsed after rest and sleep. 

Final common path: The motor neu- 
ron connected to a group of muscle fibers. 

Flagellum (/. flagella): A long hair- 
like projection from a cell, which often 
serves as a means of locomotion in 
protozoa. 

Flexion reflex: Reflex bending of a 
limb when receptors in it are stimulated. 

Flexor: A muscle which flexes a joint 
or pulls a part of the body inward. P 

Flicker: In vision, the fluctuating 
visual impression resulting from the slow 
alternation of stimulation, usually light 
versus dark phases. 

Flight of colors: A type of aftersensa- 
tion produced in vision by an intense 
stimulus; there is a changing sequence of 
colors. 

Flower-spray ending: Receptor of 
muscle spindle whose activity may result 
in awareness. 

Follicle (ovarian): The tissue growth 
within the ovary which encloses the de- 
veloping female germ cell and, later, 
the luteal body. 

Follicle-stimulating hormone: The 
hormone of the anterior pituitary which 
is primarily responsible for the growth of 
the germ cells in both sexes and, in- 
directly, for the development of sexual 
characteristics; also called FSH. 

Fovea: The central depression in the 
retina, where light rays are focused when 
one fixates an object. Region of clearest 
daylight vision. 

Frequency: Number per unit time, 
€.g., number of cycles per second of a 
sound wave. 

FSH: 
mone.) 

Functional integrity: As used in this 
text, a state of an organism in which no 


(See Follicle-stimulating hor- 


function is impaired. 

Functional psychoses: Those psycho- 
ses for which no organic basis has been 
demonstrated. 

Fundamental: Lowest or basic fre- 
quency of a sound. 


Galvanic skin response: A decrease 
in the electrical resistance of the skin, 
usually attributed to the action of the 
sweat glands. 

Ganglion: A term typically used to 
describe groups of cell bodies lying out- 
side the CNS. 

Ganglion cells (retina): The third- 
order neurons in the visual system. They 
are connected to the bipolar cells, and 
their axons form the optic nerve. 

GAS: (See General adaptation syn- 
drome.) 

Gastrointestinal tract: The digestive 
tract, from mouth to anus. 

General adaptation syndrome: A 
term sometimes used to denote the stress 
response (see Stress); including phases of 
shock, counter-shock, specific recovery, 
and sometimes exhaustion. 

General paresis: A deteriorated state 
due to an advanced stage of syphilis of 
the brain. 

_ Gland: An organ of the body special- 
ized for secretion. 

Glial cell: (See Neuroglia.) 

Glucose: A simple sugar; a form of 
carbohydrate released by the liver and 
readily utilizable by other cells of the 
body. 

Glycogen: The form of carbohydrate 
which is stored in the body, principally 
in the liver, for later use. 

Goal: Object, condition, or state to- 
ward which an organism is motivated. 

Gonad: A generic term referring to the 
sex glands of either sex (see Ovary and 
Testis). 

Gonadotrophic hormones: Those hor- 
mones of the anterior pituitary which 
stimulate the gonads to produce and re- 
lease germ cells and hormones; spe- 
cifically the hormones FSH and LH. 

Grand mal: A severe form of epilepsy, 
involving convulsion, in which the pa- 
tient loses consciousness for an apprecia- 
ble period and may be injured; it is 
followed by a deep sleep. 

Gray matter: A term used to describe 
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those portions of the nervous sytem (the 
CNS in particular) that are gray in ap- 
pearance; cell bodies and other un- 
myelinated portions of the nervous sys- 
tem. 

Growth: A change in an organism cor- 
related largely with the passage of time; 
not the result of experience or learning; 
maturation. 

Growth hormone: A hormone of the 
anterior pituitary which facilitates growth 
of tissues; sometimes called somato- 
trophic hormone, or STH. 

GSR: (See Galvanic skin response.) 

Gustation: The sense of taste. 

Gyrus (pl. gyri): Term applied to the 
ridges on the surface of the cerebral 
cortex. 


Harmonics: Overtones. 

Homeostasis: The observed tendency 
of organisms to maintain internal equi- 
librium. 

Homologous series: A series of chemi- 
cal compounds which are closely related, 
but differ systematically (e. g., the primary 
alcohols). 

Hopping response: Alternate flexing 
and extending of leg when foot is dragged 
across a surface while animal is sus- 
pended. 

Hormone: A chemical substance pro- 
duced in an endocrine gland. 

Hue: One dimension of visual sensa- 
tion (or color). The redness, blueness, 
greenness, etc. 

Hydrocephaly: A condition resulting 
from excessive cerebrospinal fluid in the 
ventricles. 

Hyperalgesia: 
to pain. 

Hyperhydrosis: Excessive perspira- 
tion, usually from the hands, feet, and 


Increased sensitivity 


armpits. 
Hyperthyroidism: 
the thyroid gland. 
Hypoglycemia: 
sugar level. 
Hypomania: A state of abnormal ex- 
not as profound as true ma- 


Hyperactivity of 


Below-normal blood 


citement, 
nia. 
Hypophysis: (See Pituitary, anterior 
and posterior.) 
Hypothalamus: The most ventral por- 
tion of the diencephalon. 
Hypothyroidism: Hypoactivity of the 
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thyroid gland (See Cretinism and Myx- 
edema). 

Hysterical: Applied to certain organic 
symptoms when they are believed to have 
a psychological cause. 

Hysteria: A form of neurosis in which 
some form of bodily disorder becomes the 
major symptom. 


Impairment: Reduced function, some- 
times used to mean physiological fa- 
tigue. 

Incentive: An external goal-object 
toward which an organism is motivated. 

Incus: Intermediate auditory ossicle, 
the anvil. 

Inhibition: In general, the opposite of 
excitation. The term has many uses but 
here it usually means a reduction in or 
prevention of response as a result of 
stimulation. 

Innervated: An adjective used to de- 
note that a given effector cell, tissue, or 
organ is supplied with one or more 
neurons which may excite or inhibit it. 

Innervation ratio: The number of 
nerve fibers innervating a given muscle, 
divided by the number of muscle fibers 
involved. 

Inorganic compounds: Chemical 
compounds not containing carbon. 

Instinctive behavior: A pattern of 
activity that is common to a given species 
and that occurs without Opportunity for 
learning. 


Insulin: The hormone of the islet cells 
of the pancreas, 


Insulin shock: Unconsciousness caused 
by insulin excess. 
Introspective technique: Psycholog- 
ical method in which the observer 
(subject) describes his awareness to the 
experimenter. 

Iodopsin: The photosensitive pigment 
in the cones of the retina. 

Ton: An electrified particle of an elec- 
trolyte which may carry either a positive, 
or a negative, charge; positively charged 


ions are called cations, negative ions are 
called anions, 


Iris: The structure 


surrounding the 
pupil of the eye, 


which contains two sets 
of muscles controlling the diameter of 
the pupil; it contains pigment which gives 
color to one’s eyes. 


Irritability: The Property of respond- 


ing to one or more kinds of energy 
change. 

Islet cells: Inner cells of the pancreas; 
an endocrine gland which secretes insu- 
lin; sometimes called Islands of Langer- 
hans. 8 

Isomorphism: Relation of two regions 
having the same ſorm. 


JND: Just-noticeable- difference, or 
difference limen (DL). 


Kappa rhythms: Rhythms in the 
EEG of about 10 per second detectable 
of the temporal lobes. 

Kinesiology: The science of move- 
ment. Usually refers to the study of the 


mechanical (muscle and joint) aspects of 
movement. 


Kinesthesis: 
joint sensitivities, 
Knee jerk: The patellar reflex, q.v. 


Muscle, tendon, and 


Lactogenic hormone: A hormone of 
the anterior pituitary which facilitates the 
production of milk by the mammary 
glands; sometimes called prolactin. 

Learning: Any more than transient 
modification of behavior which presum- 
ably results from past experience and not 
from known organic change. 

Lens: A transparent structure within 
the eye which focuses light rays. It is 
adjustable so that rays coming from both 
near and far objects can be focused upon 
the retina. 

Lesion: Region of destruction or ab- 
normal changes in structure, 

LH: (See Luteinizing hormone.) 

Limen: (See Threshold.) 

Lobotomy, prefrontal: Surgical sepa- 
ration of the prefrontal lobes from influ- 
ence on or by the thalamus. 

Local excitatory process: The wave of 
negative potential recordable from a 
neuron before a spike potential occurs, 
or when excitation is just subliminal. In 
the latter case, it is localized in the stim- 
ulated region of the nerve fiber. 

Loudness: Psychological dimension of 
sound most closely related to sound wave 
intensity. 

Luteal body: (See Corpus luteum.) 

Luteinizing hormone: That hormone 
of the anterior pituitary which stimulates 
the secretion of progesterone from the 
luteal bodies of the female ovaries, and 


testosterone from the testes; also called 
LH. 


Maculae (sing. macula): Receptor 
regions in saccule and utricle. 

Malleus: The auditory ossicle nearest 
the tympanum. The hammer. 

Manic-depressive psychosis: A pro- 
found behavioral disturbance, which may 
be characterized by an excited phase, or 
a depressed phase, or alternations of ex- 
citement and depression. 

Masking (auditory): The raising of 
the threshold for one tone by the intro- 
duction of another. 

Medulla (oblongata): That portion 
of the brain stem lying next above the 
spinal cord (also called the myelencepha- 
lon). 

Meissner’s corpuscle: One of the en- 
capsulated end organs in the skin. 

Melancholia: Extreme depression. 

Melancholia, involutional: Depres- 
sion which occurs in middle life, some- 
times thought to be due to the hormone 
changes which accompany the cessation 
of reproductive processes. 

Membrane, basilar: A thick, fibrous 
membrane running the length of the 
cochlea and bearing on it the organ of 
Corti. 

Membrane, Reissner’s: A thin mem- 
brane dividing two of the canals within 
the cochlea. 

Membrane, tectorial: Small mem- 
brane in the cochlea adherent to the ends 
of hair cells of the organ of Corti. 

Meninx (pl. meninges): One of the 
three membranes surrounding the CNS 
(see Arachnoid, Dura mater, and Pia 
mater). 

Metabolism: The life process of cells 
and organisms, including the building 
up of protoplasm (anabolism) and its 
destruction (catabolism). 

Metazoa: Multicelled organisms. 

Microphonics, cochlear: Electrical 
responses generated in the organ of Corti 
of the inner ear. 

Midbrain: That portion of the central 
nervous system lying between the pons 
and the diencephalon (sometimes known 
as the mesencephalon). 

Millilambert: One-thousandth of a 
lambert, which is the brightness of a 
surface which is reflecting one lumen per 
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square centimeter. (A lumen is the 
amount of light emitted in a unit solid 
angle by a point source of one interna- 
tional candle.) 

Millimicron: A millionth of a milli- 
meter; ordinarily abbreviated my. 

Modalities (sing. modality): Refers, 
in this case, to a sense department; i. e., 
a sense, such as touch, vision, etc. 

Molar concentration: Gram mole- 
cules per liter of solution (thus, a sub- 
stance with molecular weight 30 would 
make a 1-molar solution in water if there 
were 30 grams of the substance in each 
liter of the solution). 

Monaural: Refers to one ear, as in 
stimulation of one ear at a time. 

Monochromatism: Total color blind- 
ness; lights of all wavelengths are seen as 
grays. 

Motivation: A term employed to ac- 
count for other than reflexive behavior 
initiated or controlled by conditions 
within an organism. 

Motive: An internal organismic state 
which initiates or otherwise determines 
behavior. 

Motor end-plate: A specialized recep- 
tive area of the sarcolemma; the mus- 
cular portion of the neuromyal junc- 
tion. 

Motor nuclei: Groups of cell bodies 
of efferent nerve fibers, within the 
CNS. 

Motor unit: A single efferent nerve 
fiber and its associated muscle fibers. 

Mountain sickness: Illness from high 
altitude, characterized by restlessness and 
poor sleep, irritability, and feeling of dis- 
comfort. 

Movement, ballistic: In the pure 
case, a movement initiated by a muscular 
contraction but continuing because of 
momentum. 

Movement, controlled: A movement 
during which both agonist and antago- 
nist maintain tension. 

Movement, fixed: Sustaining’ of a 
fixed position by means of muscular 
contraction. 

Multipolar cell: A neuron which has 
an axon and two or more dendrites. 

Muscle: A tissue specialized for con- 
traction. 

Muscle bundle: A group of muscle 
cells surrounded by sheaths of connective 
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tissue. 


Muscle cell: The structural unit of 
muscle tissue. 

Muscle spindle: Receptor structure 
in muscle. See Annulo-spiral and Flower- 
spray endings. 

Myelin sheath: The white fatty sheath 
that surrounds the axons of many neurons 
and provides the white color to many 
portions of the nervous system. 

Myofibril: The thread-like contractile 
element in a muscle cell. 


Myxedema: A state of deficient thy- 
roid secretion. 


Narcosis: Stuporous condition result- 
ing from drug action; the process leading 
to such condition. 


Narcotic: A drug which produces 
stupor, 

Nasal mucosa: The membranous 
linings of the nasal passages, 

Need: Any factor necessary for the 
achievement of a stated or implied goal. 

Need state: A specific state within an 
organism or a machine, related to pur- 
pose, which may elicit behavior appro- 
priate to the need. 

Negative after-potential: A brief sec- 
ondary wave of negative voltage that may 
occur in some neurons shortly after the 
spike potential. 

Neocortex: The more recently evolved 
portion of the cerebral cortex. 

Nerve: A bundle of nerve trunks, some 
of which may be afferent and some effer- 
ent. 

Nerve cell: The structural unit of the 
nervous system; consisting of a cell body, 
an axon, and often dendrites (syn. 
neuron). 

Nerve fiber: A process of a neuron 
that extends from the cell body (typically, 
an axon), 

Nerve impulse: The electro-chemical 
change which js propagated along a 
neuron. 

Nerve net: A group of neurons which 
function together (1) as a simple nervous 
system in primitive organisms, (2) as a 
closed unit in a complex organism. 

Nerve trunk: A bundle of nerve fibers 
(typically, axons). 

Neural fold: Ridged groove along the 
dorsal side of the vertebrate embryo 
which develops into nervous tissue. 


Neural tube: Stage following neural 
fold in the embryonic development of the 
nervous system. The fold has closed to 
form a hollow tube. 

Neurilemma: A thin sheath that cov- 
ers neurons outside the CNS, except at 
their peripheral terminations. 

Neuroblast: Embryonic neuron. 

Neuroglia: Supporting non-ncural 
cells of the CNS. 

Neurohypophysis: (Sve Pituitary, pos- 
terior.) 

Neuromuscular junction: (See Neu- 
romyal junction.) 

Neuromyal junction: Point of func- 
tional contact between neuron and 
muscle cells. Sometimes called myoncural 
junction and neuromuscular junction. 

Neuron: The unit structure of the 
nervous system; a nerve cell, including a 
cell body and its processes or fibers. 

Neuropil: Area in CNS of mossy ap- 
pearing intertwining dendrites and axons. 

Neurosis: A behavioral disturbance 
characterized by personality disorders 
and sometimes by disordered function of 
bodily organs. 

Noise: Aperiodic sound. 

Nor-epinephrine: A hormone of the 
adrenal medulla; also nor-adrenalin. 

Normal distribution: A statistical 
term signifying that the frequencies of 
observations of a given function, when 
plotted, assume a normal or bell-shaped 
curve. 

Noxious: An adjective applied to any 
stimulus that is followed by avoidance 
behavior. 

Nuclear delay: The ti 
the first postsynaptic impulses to appear 
from a nucleus when the nucleus is stimu- 
lated by an asynchronous barrage of pre- 
synaptic impulses. 

Nucleus (of a cell); Structure essen- 
tial to the life of the cell; contains the 
chemicals determining heredity, 

Nucleus (nervous System): A group of 
cell bodies within the NS. 

Nucleus, cochlear: 
medulla which serves audition. 

Nucleus, vestibular; Nucleus of the 


medulla and pons related to the vestibu- 
lar sense. 


me required for 


Nucleus in the 


Nystagmus, Physiological; Minute in- 
voluntary tremors, dri 8, and jerks of the 


during fixation. 


Occlusion: A phenomenon in reflex 
activity due to overlapping connections 
of afferent neurons so that stimulating 
two afferent nerves simultaneously leads 
to a reflex response less than the sum of 
the responses obtained individually. 

Oculogyral illusion: Illusory move- 
ment of a faint light when the subject 
is rotated, even though the light is 
rotating with the subject. 

Olfaction: The sense of smell. 

Olfactory epithelium: Pigmented 
layer in the nose containing the receptor 
cells for olfaction. 

Optic chiasm: The point of crossing 
of the optic nerve fibers from the nasal or 
inside halves of the two retinae. 

Optic disc: The blind spot, or point of 
exit of the optic nerve. It contains no 
visual receptors. 

Organ: A bodily structure composed 
of one or more kinds of tissue and usually 
specialized in function. 

Organ of Corti: Structure in inner ear 
bearing the hair cells, the receptors for 
audition. 

Organic compounds: Chemical com- 
pounds containing carbon. $ 

Organism: A single-celled or multi- 
celled animal or plant whose structure 
permits life. 

Oval window: Point of entry of sound 
vibrations into the inner car; it consists 
ofa membrane-covered opening to which 
the stapes is adherent. 

Ovary: The female gonad; develops 
female germ cells and hormones (see 
Estrogen and Progesterone): 

Overt: An adjective applied to be- 
havior that can be observed without the 
aid of special instruments. 3 

Overtones: Frequencies which are 
some whole-number multiple of the 
fundamental. 

Ovulation: The ti 
ovum is released from t 


me at which an 
he follicle and 


ovary. 

Ovum (pl. ova): A female germ cell. 

Oxygen debt: Said to occur when a 
process leads to consumption of extra 
oxygen after the process has terminated; 
e. g., the extra consumption of 0) gen 
after exercise implies a previous 0° gen 
debt. 

Oxyto: 


pituitary W 


cin: A hormone of the posterior 
hich excites smooth muscle 
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function, particularly in the uterus. 


Papillae (sing. papilla). Structures of 
various shapes (round, elongated) on the 
tongue which contain taste-buds. 

Paralysis agitans: Motor disorder 
characterized by extreme tonus and 
tremor. Also called Huntington's cho- 
rea. 

Paralysis, flaccid: Paralysis charac- 
terized by flabbiness of the muscles. 

Paralysis, spastic: Paralysis character- 
ized by extreme tonus of the muscles. 

Paraplegia: Paralysis of the lower half 
of the body. 

Paraplegic: Adjective of paraplegia. 

Parasympathetic nervous system 
(PNS): That portion of the ANS whose 
fibers arise from the brain stem and 
sacral cord (synonymous with cranio- 
sacral system). 

Parasympathetic overcompensation: 
Hyperactivity of the PNS after a period 
of SNS hyperactivity. 

Parathormone: The hormone of the 
parathyroid glands. 

Parathyroid glands: A group of en- 
docrine glands imbedded in the thyroid 
gland; typically four in number in man, 
they secrete parathormone. 

Perceiving: (See Perception.) 

Perception: The interpretation of sen- 
sation. 

Perimetry: The measurement of spa- 
tial differences in the visual field; usually 
refers to the investigation of the limits 
of the field of vision for the various colors. 

Peripheral nerves: That portion of 
the nervous system lying outside the CNS 
and involving three classes of neurons: 
(1) afferent, (2) efferent to striated 
muscles, and (3) efferent to smooth 
muscles and glands. 

Peristalsis: A progressive wave of 
contraction in the gastrointestinal tract. 

Petit mal: One of the less severe forms 
of epilepsy; the patient may lose con- 
sciousness very briefly, but does not fall 
or injure himself. 
$ Phase: In a circular or harmonic mo- 
tion, the point in the complete cycle 
existing at the movement of measure- 
ment, in degrees. 
> Photopic vision: Cone vision; vision 
in high illumination. 

Phylogenetic scale: The ordering of 
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all animal forms according to evolu- 
tionary history. 

Physiological psychology: The study 
of relationships between bodily processes 
and behavior. 

Physiological zero: That skin temper- 
ature which feels indifferent — neither 
warm nor cold. 

Physiology: The study of organ and 
tissue functions. 

Pia mater: Inner meningeal layer 
closely adherent to the central nervous 
system. 

Pilomotor response: Erection of sur- 
face hairs by smooth muscle contraction; 
gooseflesh. 

Pinna: The externally visible structure 
of the car; in common language, the ear. 

Pitch: Psychological dimension of 
sound most closely related to the fre- 
quency of the sound wave stimulus; 
usually described as high, low, etc. 

Pituitary, anterior: The adenohy- 
pophysis; the anterior portion of a small 
endocrine gland lying just below the 
brain; secretes six known hormones. 

Pituitary, posterior: Neurohypophy- 
sis; the posterior portion of a small en- 
docrine gland lying just below the brain; 
innervated by the hypothalamus. 

Placebo: A sham drug having no 
Physiological effect, used in research to 
avoid the factor of suggestion. 

Placing response: (1) Visual. Placing 
of forelimbs on a table surface when see- 
ing animal is brought toward the table. 
(2) Tactual. Placing of forelimbs as 
above, but with animal blindfolded and 


back of feet brought against the table 
edge. 


PNS: 
system.) 


Pons: That portion of the brain stem 
lying between the medulla and the mid- 
brain (with the cerebellum, sometimes 
referred to as the metencephalon). 
Positive after-potential: The wave of 
Positive electrical potential which follows 
the negative potential change when a 
single neuron is activated. 

Postcentral gyrus: The region of the 
parietal lobes of the cerebral cortex 
lying posterior to the central sulcus. 

Postganglionic (neurons): Nerve fi- 
bers of the ANS which originate in out- 
lying ganglia and terminate on effector 


(See Parasympathetic nervous 


organs. 

Precentral gyrus: Gyrus of the most 
posterior portion of the frontal lobe; just 
forward of the central sulcus. 

Prefrontal topectomy: Removal of 
small bits of prefrontal cortex. 

Preganglionic (neurons): Nerve fi- 
bers of the ANS which come from the 
CNS and typically terminate in an out- 
lying ganglion. 

Premotor area: The area of the cere- 
bral cortex that lies just anterior to the 
motor area in the frontal lobes. 

Progesterone: The hormone liberated 
by the corpus luteum of the ovary. 

Projection areas: Areas of the cortex 
to or from which nerve fibers lead to 
lower centers; usually refers to primary 
sensory and motor areas. 

Projection fibers: Bundles of nerve 
fibers leading to and from specific areas 
of the cerebral cortex. 

Prolactin: (See Lactogenic hormone.) 

Proprioception: Senses having recep- 
tors in muscles, tendons, joints, and the 
nonauditory inner ear. 7 

Prosthesis: Substitution of an artificial 
device for some bodily part, e.g., an 
artificial leg or false teeth, 

Protanopia: A form of red-green color 
blindness in which the visibility curve is 
shortened at the long-wave end, and reds 
and greens are confused. 

Protoplasm: The material of which 
living cells are composed. 

Protozoa: Single-celled organisms. 

Psychogenic: A term applied to be- 
havior that is cerebrally initiated. 

Psychology: The science of behavior 
of organisms. 

Psychopathology: The study of severe 
disorders of behavior. 

Psychophysics: The Study of the rela- 
tion between stimulus variables and 
sensory variables. 

Psychosis: A profound disturbance of 
behavior, which renders an individual 
unable to adjust to normal daily life in an 
even passably satisfact 
insanity. 

Psychosomatic disorder; 
disorder believed t 
origin. 

Psychosomatic 
branch of medicine 
genic influences on 


Ory manner true 


A physical 
© be of psychogenic 


medicine: That 
dealing with psycho- 
bodily disorders. 


* 


Psychosomatics: Connotes all psycho- 
genic changes in bodily functions other 
than direct influence of one mental ac- 
tivity on another mental activity. 

Psychotherapy: Any systematic treat- 
ment of psychological disor ders which de- 
pends on interaction with a therapist; es- 
sentially a process of learning and reor- 
ientation with the help of another person. 

Pupil: The opening through which 
light is admitted to the interior of the eye. 

Pure tone: A sound wave which is a 
pure sine wave. 

Purkinje phenomenon: The darken- 
ing of the long-wave end of the visual 
spectrum (reds) and the lightening of the 
short-wave end (blues) which accom- 
panies the shift from cone vision to rod 
vision, as illumination is decreased. 

Pyramidal: Adjective referring to the 
pyramids, or to the fiber tracts found 
therein. Often used to refer to all de- 
scending nerve tracts involved in volun- 
tary movement. 

Pyramidal tract: The nerve fibers 
running through the pyramids. Corti- 
cospinal tract. 

Pyramids: Eminences on the ventral 
surface of the brain stem where the 
pyramidal tracts cross from one side to 


the other. 


Reaction: In the behavioral sciences, 
action to known or infer ed stimulation. 

Receptor: A cell differentiated from 
others in terms of its increased irritability 
to certain stimuli. 

Receptor-connector cells: Cells have 
both receptor and connector functions, 
as in the sea anemone. 

Reciprocal innervation: The balance 
of impulses leading to the relaxation of 
one of a pair of antagonistic muscles as 
the other contracts. 

Recruitment: The bringing of more 
and more neighboring neurons into an 
activity. 

Recruitment, auditory: Auditory 

henomenon encountered in some forms 
of deafness in which the RL is raised, but 
once a sound has exceeded the threshold 
it sounds very loud. 

Reflex: A relatively simple, innate re- 
sponse to a particular stimulus. 

Reflex arc: Simplest neural link 
from receptor to effector involving the 
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CNS. Consists, in order, of receptor, af- 
ferent neuron, sometimes a connection 
neuron or neurons, efferent neuron, and 
effector. 

Reflex, crossed extensor: Extension of 
the limb opposite to one showing a flexion 
reflex. 

Reflex, extensor thrust: (See Extensor 
thrust.) 

Reflex, patellar: Extension of the 
lower leg in response to a tap on the 
tendon just below the kneecap, the knee 
jerk. 

Reflex, pupillary: Alteration in pupil 
size in response to changes in illumination 
or other stimulation. 

Reflex, righting: Any reflex tending 
to orient an animal in relation to gravity. 

Reflex, scratch: In the dog, scratching 
movements by a hind limb in response to 
stimulation of the skin of the shoulder 
region. 

Reflex, vital: A reflex, such as breath- 
ing, directly related to the survival of the 
organism. 

Relative refractory period: The 
period during which a neuron may be 
excited only by supraliminal stimula- 
tion; follows the absolute refractory 
period. 

Releaser: A stimulus, usually external 
to an organism, which elicits more or less 
specific behavior with appropriate moti- 
vation. 

Reproductivity (in biology): The 
ability of an organism, alone or in con- 
junction with another, to give rise to 
offspring. 

Reticular formation: Diffuse column 
of gray matter running from the medulla 
to the diencephalon. 

Retina: The innermost coat of the eye, 
a layer containing the visual receptors, 
and the primary, secondary, and tertiary 
neurons of the visual system. 

Reverberating circuit: A closed CNS 
circuit in which activity may persist for 
some time without additional stimula- 
tion. 

Rhinitis: Inflammation of the nasal 
membranes. 

Rhodopsin: The photosensitive pig- 
ment in the rods of the retina. 

RL: From the German Reiz Limen 
(see Threshold, absolute). 

Rod: One of two types of visual re- 
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ceptors; rods function in low illumina- 
tion, and are capable of producing achro- 
matic sensations only. 

Rostral: Pertaining to the head region 
of an organism. 

Round window: Small membrane- 
covered opening between the inner and 
middle ear which permits the oval win- 
dow to move in and out by relieving the 
pressure on the fluid of the inner ear. 


Saccule: Part of the nonauditory inner 
ear. (See also Utricle and Semicircular 
canals.) 

Sarcolemma: The membranous 
sheath of a striated muscle cell. 

Satiation: Boredom, q. v. 

Saturation: One dimension of visual 
Sensation (or color), the fullness of a 
color, or lack of grayness; the depth or 
purity of hue. 

Schizophrenia: A psychosis character- 
ized primarily by withdrawal from re- 
ality. 

Sclerotic coat: The tough outer coat 
of the eyeball. It becomes the cornea at 
the front of the eyeball. 

Scotopic vision: Rod vision, vision in 
low illumination. 

Scratch reflex: Scratching elicited, in 
the spinal dog, by stimulation of the 
skin of the chest region. 

Secreting glands: Organs specialized 
for the liberation of chemical fluids. 
Duct glands secrete to the surface of the 
body or its cavities; the products of 
endocrine glands are carried in the blood 
stream. 

Secretion: The elaboration and dis- 
charge of particular chemical substances 
or fluids by Specialized structures in a 
single cell, or by specialized cells in a 
multicelled organism. 

Sedative: A drug which depresses 
CNS activity in general; an agent which 
reduces activity of an organism. 

Self: The organized set of memories, 
sensations, Perceptions, that identify a 
person to himself, 

Semicircular canals: Part of the non- 


auditory inner ear, largely concerned 
with acceleration. (See also Saccule, 
Utricle.) 

Sensation: The uninterpreted ex- 


perience accompanying afferent activity 
which reaches the cortical level. 


Sensitizer: Essentially a motive; an 
internal factor which predisposes an or- 
ganism to respond sclectiveiy to external 
stimuli. y 

Servomechanism: A mechanism 
whose output is partly controlled by 
feeding back part of the output to the 
control circuits. 

Sleep: State of rest and recover 
characterized in higher animals by para- 
sympathetic dominance, reduced re- 
sponsiveness, and changes in the EEG. 

Smooth muscle: A muscle consisting 
of spindle-shaped, unstriped cells, found 
in the walls of viscera and blood-vessels. 

Snellen chart: A chart of letters and 
numbers of various sizes, arranged from 
very large to very s nall, used in testing 
visual acuity. 


SNS: (See Sympathetic nervous sys- 
tem.) 

Somatogenic: A term applied to be- 
havior that is initiated elsewhere in the 
body than the cerebrum. 

Somatopsychic: A term sometimes 
employed to emphasize somatogenic cf- 
fects on mental acti ity. 

Somatopsychics: Connotes all soma- 
togenic changes in mental activity. 

Somatotrophic hormone: The growth 
hormone of the 
STH. 

Somesthesis: Body se 
and cutaneous pressure, 
and cold. 

Spasticity: Abnormally increased mus- 
cular tone as the result of disorder in the 
CNS. 

Spermatozoan (pl. s. 
male germ cell. 

Sphincter: A muscular 
relaxes and contracts and thus opens or 
closes an orifice of the body, 

Spike potential: The very brief wave 
of negative potential recorded as a nerve 
impulse passes a given point, 

Spinal animal: Expe 
in which the spinal cord 
ated from the brain. 

Spinal cord: That portion of the CNS 
that lies within the spinal column. 

Spinal reflex: Reflex obtainable when 
only the spinal cord is intact, 

Stapes: The auditory Ossicle 


to the oval window of the inner 
stirrup. 


anterior pituitary; 


nsibilities; deep 
pain, warmth, 


permatozoa): A 


ring which 


rimental animal 
has been separ- 


adherent 
car. The 


k Stereognosis: Tactual form percep- 
tion. 

STH: (See Somatotrophic hormone.) 

Stimulus: Any energy which excites or 
irritates a cell. 

Stress, physiological: The total physi- 
ological response that occurs in abnor- 
mally intense or prolonged stimula- 
uon. 

Striated muscle: A muscle consisting 
of long striped fibers, usually attached to 
the skeleton. 

Sulcus (p/. sulci): Term applied to the 
grooves on the surface of the cerebral 
cortex. 

Summation, spatial: Increased effec- 
tiveness of a stimulus or volley of impuises 
as the result of a simultaneous stimulus or 
volley which has overlapping effects. 

Summation, temporal: Increased ef- 
fectiveness of a stimulus or volley of im- 
pulses as the result of an immediately 
preceding stimulus or volley. 

Suppression, cortical: Reduction of 
activity in one cortical area as the result 
of stimulation of another. 

Sympathetic ganglionic chain: 
chain of interconnected neurons 
ganglia of the SNS; the point of synapse 
of most preganglionic and postganglionic 
SNS neurons; lies bilaterally along the 
central portion of the spinal cord. 

Sympathetic nervous system (SNS): 
That portion of the ANS whose fibers 
arise from the thoracic and lumbar spinal 
cord (synonymous with thoracico-lum- 
bar system). 

Sympatheticotonia: 
times employed to des 
hyperfunction of the SNS. 

Sympathin: The chemical substance 
liberated by most postganglionic axon 
terminals of the sympathetic 
system (believed to exist in two forms, 
I and E). 

Sympathin E: A chemical substance 
liberated by postganglionic fibers of the 
SNS which excites smooth muscles and 


A 
and 


A term some- 
ignate extreme 


nervous 


glands. 7 
Sympathin I: A chemical substance 


liberated by postganglionic fibers of the 
SNS which inhibits smooth muscles and 
lands. 
k Synapse? The point of functional con- 
tact between two neurons. 

Synaptic delay: Time required for an 
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impulse to be effective across a synapse. 
Syndrome: A pattern of symptoms 

characterizing some disorder. 


Taste-buds: Structures in the surface 
layers of the tongue, etc., which contain 
the receptors for taste. 

Tectum: The colliculi usually seen as 
an adjective, tectal, or in combining 
form, tecto-, as in tectospinal tract. 

Tendon: Connective tissues which 
serve to attach a muscle to a bone or 
another muscle. 

Testis: The male gonad; develops male 
germ cells and specific hormones (see 
testosterone). 

Testosterone: The major androgen 
secreted by the testes. 

Tetanus: Sustained muscular contrac- 
tion; tetanic contraction. 

Thalamus: A large group of nuclei in 
the diencephalon. 

Therblig: Term introduced by Gil- 
breth to designate a unit of movement in 
work. 

Thoracico-lumbar system: The ana- 
tomical term for that portion of the ANS 
which involves nerve fibers coming from 
the thoracic and lumbar portions of the 
spinal cord (see Sympathetic nervous 
system). 

Threshold: Usually, that value of a 
stimulus which can be differentiated from 
some standard 50 percent of the time. 

Threshold, absolute: Usually, the 
threshold lying at the lower end of the 
intensity scale (synonymous with RL). 

Threshold, difference: The just no- 
ticeable difference between two stimuli 
(synonymous with DL). 

Threshold, terminal: Usually, the 
threshold lying at the upper end of the 
intensity scale (synonymous with TL). 

Thyroid: An endocrine gland in the 
neck which secretes thyroxin, 

Thyrotrophin: The hormone of the 
anterior pituitary which stimulates thy- 
roid function; also called TTH. 

Thyroxin: The term applied to the 
total hormonal output of the thyroid 
gland. 

Timbre: Quality of a sound. 

: Tinnitus: Persistent noises not result- 
ing tomi external stimulation; “ringing 
ears. 

Tissue: A semistructured portion of a 
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multicelled organism composed for the 
most part of cells whose functions are 
similar. 

TL: From the German, Terminal Li- 
men (see Threshold, terminal). 

Tonal gaps: Frequency regions of 
reduced auditory sensitivity surrounded 
by regions of more nearly normal sen- 
sitivity. 

Tonal islands: Frequency regions of 
auditory sensitivity surrounded by re- 
gions of impaired sensitivity. 

Tonus: More or less continuous slight 
tension in smooth or striated muscles; 
sometimes known as tone. 

Topographical organization: Or- 
ganization in terms of place, maintenance 
of spatial relationships, representation of 
a spatial pattern. 

Trichromatism: Normal color vision; 
three primary colors are required to 
match all colors. 

Trophic hormone: A hormone which 
activates another endocrine gland. 

Tropism: Inborn tendency for bodily 
orientation in relation to an external 
stimulus, such as the response of the moth 
to light. 

TTH: (See Thyrotrophin.) 

Tumor: An abnormal semiconfined 
tissue growth in an organism, which may 
be harmless (benign) or harmful (ma- 
lignant). 

Tympanum: The eardrum. 


Unconditioned response: Strictly, a 
response which occurs to appropriate 
stimulation without prior conditioning. 

Unconditioned stimulus: A stimulus 
which effects behavior without prior 
learning. 
Unipolar cell: A neuron whose cell 
body has only one marked extension, the 
axon, 

UCR: (See Unconditioned response.) 

UCS: (See Unconditioned stimulus.) 

Utricle: Part of the nonauditory inner 


ear. (See also Saccule and Semicircular 
canals.) 


Vagotomy: An operation in which 
‘anches of the vagus nerves are cut. 
Vagotonia: A term sometimes em- 
ployed to designate extreme hyperfunc- 
tion of the vagi or total PNS. 


br: 


Vagus (pl. vagi): Cranial nerve X; 
an important nerve in the PNS. 

Vapor pressure: A measure of the 
ease with which a substance volatilizes. 

Vasopressin: A hormone of the pos- 
terior pituitary which increases blood 
pressure. 

Vasopressor hormone: 
pressin.) g 

Ventral: Pertaining to the belly side 
of an organism. 

Ventral horn: The extensions of gray 
matter into the ventral part of the spinal 
cord. 

Ventral root: A bundle of efferent 
nerve fibers leaving the spinal cord; joins 
with a dorsal root (ꝗ. v.) to form a spinal 
nerve. 

Ventricle: A cavity in the interior of 
the brain filled with cerebrospinal fluid. 

Vestibular sense: Sensation from the 
nonauditory inner ear, 

Viscera (pl.) (sing. viscus): Internal 
organs and tissues. 

Visual acuity: May be variously 
defined precisely, but, in general, refers 
to the ability to perceive visual spatial 
patterns, 

Visual angle: The angle at the eye 
which is made if lines are projected from 
the edges of an object to the eye. 

Vitreous humor: A viscous fluid which 
fills the cavity between the lens of the 
eye and the retina, 

Voluntary movement: A movement 
not directly related to an antecedent ex- 
ternal stimulus and which can ordinarily 
be announced beforehand by the mover. 


(See Vaso- 


Wave, sine: Curve o 
ting the angles from 0° 
their sines; appears as a 
metrical wave. 

Weber’s law: A law in 
which states that th 


btained by plot- 
to 360° against 
Perfectly sym- 


Psychophysics 
€ amount by which a 


arance 


t: Reduction in work 


output by an dividual following a 


F in 
period of work, 


Index 


Aberration, in the eye, 217 

Ablation, CNS, 46f 

Abnormal behavior, and autonomic func- 
tion, 267 

Accommodation, visual, 191 

Acromegaly, 235 

Action, serial, 288 f 

Activity, spontaneous, 335 f 

Acuity, in vision, 212 fl 

‘Adaptation, attentional, 76 f: nature of, 

4 sensory, 75 f; see also Specific senses 

Adjustment, human, 423 

‘Adrenal cortex, stress response, 410 f 

Adrenalin, action of, 55; see also Epi- 
nephrine 

Adrenocorticotrophin, 236 

Affective tone, gustatory, 140f 0 

AMfter-effects, in kinesthesis, 115 f; of vestib- 
ular stimulation, 127 f 

After-potential, negative, 2 

After-sensation, pressure, 
ture, 96: visual, 208 ff 

Ageusia, 141 i 

Aging, and mental disorder, 414 


8; positive, 28 
86 f; tempera- 


Agnosia, 297 

Aicchol, Behavioral effects, 391 ff 
Alcoholic psychosis, 406 
Alertness, 387 i 

$ cortex, 293 

r en of nerve Arn 02 
All-or-nothing principle, in muscle, 60 

Alpha rhythm, EEG, 308 f 

Anabolism, 11 

Analgesia, congenital, 80 

Analgesics, 104 f 

Androgen, 238 f 

Anesthesia, hysterical, 83 f 

Anger, 340 

Annulo-sp!™ 


osmia, 147> 149 f i 
9 85 5 398 ff; from organic causes, 


ANS, See Autonomic nervous system 
Antidiuretic hormone, 234 


Anxiety, 43! 


asia, 298 
AP ied experimental psychology, 289 f 


Arousal mechanism, 385 ff 


al ending, 110f£ 


40 f 


Artiſicial limbs, 290 

Asphyxia and mental deficiency, 42 
Aspirin, effects of, 396 f 

Association functions, of cerebral cortex, 


297 f 
Asthma, and emotion, 368 f 
Attention, and alertness, 387; see also 


Adaptation, attentional 

Audition, 151 ff; adaption, 176 ff; after-ef- 
fects, 179; aural harmonics, 174; beats, 
173 f: central nervous connections, 57 
combination tones, 174; cortical areas in, 
296; defects, 167 fl: electrophysiology, 
184 ff; fatigue, 176 fl: masking, 175 f: 
neural structures, 184 ff; neurological 
basis of frequency discrimination, 184 ff; 
psychological dimensions, 156 f: recep- 
tors, 157 fl; stimulation deafness, 179 fl: 
stimulus, 152 ff; theory, 186 ff; threshold, 
loudness, 164 ff; threshold, pitch, 162 ff; 
threshold, terminal, 166 ff; see also 
Sound 

Autonomic nervous system (ANS), 55, 
258 ff; and abnormal behavior, 267; and 
conditioning, 270 f; chemical secretions 
of peripheral terminals, 261; and emo- 
tion, 342f; individual differences in 
function, 265 ff; and mental disorder, 
413 f: peripheral fibers, 259 ff; and Psy- 
choneurotics, 413 f; and psychosomatic 
disorders, 366 ff; and sexual behavior, 
333 f: and stress, 430 

Autonomic respons cortical representa- 
tion, 294 f; and learning, 374 fE 

Autosuggestion, 105, 


Barbiturates, effects of, 398, 405 f 

Beats, auditory, 173 f 

Behavior, biochemistry and organismic, 
425 

Behavior, problem of abnormal, 428 ff 

Bends, 400 

Benzedrine sulfate, effects of, 398 

Beta rhythm, EEG, 308 

Biochemical influences, problems of, 424 f 

Blocking, of alpha rhythm, 308 

Blood-brain barrier, 303 
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Body image, and kinesthesis, 119 f 
Boredom, 381 

Brain stem, structure, 42 
Breathing, 251 £ 

Bridgman, Laura, 79 

Brightness, 196 

Bromide poisoning, 405 


Caffeine, behavioral effects, 393 f 

Caloric intake, and behavior, 388 £ 

Catabolism, 11 

Causalgia, 104 , 

Cells, differentiation of, 8 f 

Central nervous system (CNS), audition 
and, 184 ff; basic structure, 39 f; connec- 
tions for— audition, 160 fl — gustation, 
135 f — kinesthesis, 112 — olfaction, 1 14 — 
pain, 100 f pressure, $1 f— tempera- 
ture senses, 93 — vestibular sense, 13 
deſinition of, 38; enzymes in metabo- 
lism, 412 f; innate patterns in man, 429 f; 
methods of studying, 46 ll: oxidation 
rates of parts, gor f; reverberating cir- 
cuits, 104; structural changes and psy- 
choses, 409; structures nece sary for 
learning, 310 f; synapses in, 300 f; visual 
connections, 194 


Cerebellum, 42 f; and movement, 278 f 
Cerebral cortex, asso tion areas, 297 f 
cytoarchitectonics, 299 f: frontal lobes, 
298; functional areas, 293 ff; integrative 
functions, 298 f; metabolism of, 30 ff; 
microscopic structure, 299 fl; motor area 
(area 4), 273 ff; and motor functions, 
297; other motor perceptual 
298 f; post-central gyrus, 82; pre- 
motor arca (area 6), 275 
tion, 290 f; suppressor ar 
also Neocortex, Allocortex 
Cerebral circulation, 303 £ 
Cerebral foodstuffs, 302 f 
Cerebral hemispheres, 13 f 
Cerebrospinal fluid, 
Cerebrum, 43 f 
Chemical senses, 


S, 27: 


and sensa- 


function of, 304 


131 ff; separation of, 132; 

see also Gustation, Common chemical 
sense, Olfaction 

Chemical stimulation, local, CNS, 47 

Chorionic hormone, 237 f 

Clinical methods, in study of CNS, 48 

Clonus, 60 

CNS, see Central nery 

Coca, see Cocaine 

Cocaine, 496; effects of, 397 f 

bit 158 f; injury from stimulation, 

79 

Cochlear microphonics, 171 f 

Cochlear potentials, 171 f 

Cold, extreme, and behavior, 403; see also 
Temperature senses 

Cold spots, 94 


ous system 


Colliculi, 43 

Color, 196 

Color mixture, 203 ff; additive, 204 f; sub- 
tractive, 204 

Color solid, 196 f 

Color vision, deficiencies in, 
of, 223 f; theories of, 224 f 

Colors, flight of, 209; subjective, 219 

Combination tones, 173, 174 

Common chemical sense, 132 f; pain re- 
ceptors and, ı imulus, 132 

Compensatory phenomena, 429 

Complementary colors, 204 

Conditioned response, and autonomic 
functions, 270 f: see also Learning 

Cones, contrasted to rods, 192, 206 ff 

Connector, 22 f 

Consciousness, 
problem of, 

Contraction, isotonic and isometric, 56 

Coordination, reflex, 247 f 

Corpus striatum, 43; and movement, 2770 

Corpuscle, Meis 81 

Cortex, cerebellar, 12 f; cerebral, 43; cerc- 
bral, problems of function, . 

Cortical dynamics, field theo 
nerve impulse theories, 305 f 

Cortical steroids, 232 

Corticosterone, in cerebral metabolism, 303 

Cranial nerves, 42; functions, 42 

Cranio-sacral stem, see Parasympathetic 
nervous system 

Cretinism, 231 

Critical flicker frequency, in vision, 218f 

Crocker, E. C., 146 

Curiosity, 335 f x 

Cutancous senses, 78; see also Somesthesis 

Cytoarchitectonics, of cerebral cortex, 299 f 


222 ff; tests 


physiological basis. 


Dark adaptation, 206 fl 

Deafness, 167 ff; from stimulation, 179 fl 
Decerebrate rigidity, 252 f 

Decibel, defined, 154 

Dehydration, see Water balance 

Delay, nuclear, 244 f; synaptic, 35> 244 
Delta rhythm, EEG, 308 

Depression, as emotional behavior, 350 
Dermatome, 82 f 

Diabetes, 232 

Diencephalon, 43 

Dict, 388 fF 

Dietary balance and behavior, 390 
Diplacusis 
Ppointment, 346 f 
Dorsal root, 41 

D 


e. associated with environmental tem- 
perature, 325 ff; associated with waste 
products, 327 fl: defined, 318; explora- 
tory or curiosity, 335 f: food deficit, 
321 ff: muscular ten on, 337 f: pain, 
330 f; pleasure, 336 f; sexual excitement, 


$31 f; specific food deficits, 325 f: water 
deficit, 319 £ 
Dromic character of nervous activity, 35 
Drugs, 391 fE 
Duration, sensory, 72 


Ear, inner, structure, 158 f; structure, 157 fE 

EEG, and anoxia, 401; in epilepsy, 415 f: 
and hyperventilation, 302; and mental 
disorder, 413; in sleep, 3 source of, 
307 f 

Effector, see Muscle, Gland 

Electrical recording, of nervous activity, 47 

Electrical stimulation, CNS, 47 

Electroencephalogram, 48; see also EEG 

Electromyogram, 53 f 

Electrophysiology, of audition, 184 ff; in 

ion, 219 fl. 

Emotion, 339 ll: allocortex in, 294 f; and 
asthma, 368 f; anger, 346: definition, 3.41; 
depression, 350; disappointment, 346 i 
exe 45 f; excitement, 344; faint- 
ing in, 3 infantile — ex- 
aggerated flexion response, 
haustion-whimpering pattern, 
post-stimulation quiescence, 3. 
$51 relief pattern, Si 
citement, 355 — spitting-mouth-ave 
pattern, 356 f — struggle pattern, $ f- 
undifferentiated excitement, in 
infants, 354M; muscular activity in, 
351 ll: and muscular tension, 369 ff; pain 
and, 107, 34 and parasympathetic 
overcompensation, 267 ff; pleasure, 348; 
reflexes in, 349f; relief, 347 f; sexual 
excitement, 347: startle pattern, 319: 
startle pattern in infants, 35 sweating 
in, 367; theories, 340 ff; and ulcers, 367 f 

Encephalization, 44 fE 

Endocrine disturbances, 
jog f 

Endocrine glands, 7 ll: and behavior, 
239; see also Specific hormones, Glands 

Endocrines, general adaptation syndrome, 
110 f 

Epilepsy, from brain injury, 406; descrip- 
tion, 415 f; temporal lobe epilepsy,” 298 

Epinephrine, 232 f; see also Adrenalin 

Equilibrium, 13 fE 

Equipment design, 289 f 


356 — ex- 
BIS 


and psychoses, 


Fainting, emotional, 352 
Fatigue, 379 fl: abnormal, 431 f; auditory, 


Index 467 
176 ff; nervous, 34; physiological, 379 f; 
psychological, 327, 380 f 

Fear, 344 f 

Feedback, from exteroceptors, 280 f: of 
kinesthesis, 116 f; in movement systems, 
280 f; from proprioceptors, 280; see also 
Reverberating circuits, Servomechanisms 

Field theories, of cortical dynamics, 306 f 

Final common path. 242 

Flicker, visual, 218 f 

Flower-spray ending, 110 f 

Food, of cerebrum, 302 f; see also Diet, 
Starvation 

Foreign matter, as drive, 329 

Fourier analysis, 172 

Frontal lobes, function, 298 

Function, vs. Structure, 3 £ 

Functional integrity, 15 f 

Fundamental, 156 


Gasses, war, 133 

General adaptation syndrome, 430; see also 
Stress 

Gland, adrenal cortex, 232; adrenal me- 
dulla, 232 f: endocrine, see Endocrine 
gland; islet cells of Pancreas, 232 f; para- 
thyroid, 231 f; pituitary, 234 ff; thyroid, 


229 lf 
Glands, 227 ff; see also Endocrine gland 
Glucose, in cerebral metabolism, 302 f 


Glutamic acid, and behavior, 390 
Gonadal hormones, 236 ff 
Gonadotrophic hormones, 236 
Gray matter, 25 
Growth, of connections in CNS, 282 f; of 
connections between CNS and periphery, 
283 f; hormone, 234 f: protoplasmic, 11 
tion, 193 ff; adaptation, 139 f; affect 
in, 140-141; CNS connections, 135 f; con- 
trast, compensation, and fusion, 139 de- 
ficiencies, 141; experimental difficulties, 
136; intensity, 140; interactions, 139; 
qualities, 137 f: receptors for, 135: stimu- 
lus for, 136 f; temperature and threshold, 
141; theory of stimulation, 141 f; thresh- 
olds, 138 f 


G 


Hair follicle, 81 

Harmonics, 155 f 

Harmonics, aural, 172 fl 
Headache, 103 f 

Heat tolerance, and behavior, 402 f 
Hemisphere, cerebral, 43 £ 
Henderson, L. F., 146 

Henning, H., 146 


Homeostasis, 16 f 
Homeostasis, and emotion, 350 fE 


Homeostasis, limitations of, 17; and psy- 
chology, 17 f 

Hopping response, 255 

Hormone, adrenocorticotrophic, 236; an- 


468 Index 
drogen, 238 f; anterior Pituitary, 234 fr; 
antidiuretic, 234; chorionic, 237 f: corti- 
cal steroids, epinephrine, 232 f; 
estrogen, 237; follicle-stimulating, 236; 
gonadal, 236 ff; gonadotrophic, 236; 
growth, 234 f; insulin, 232 f; lactogenic, 
235; luteinizing, 236; oxytocin, 234; para- 
thormone, 231 f; posterior pituitary, 
234; Progesterone, 237; somatotrophic, 
234f; testosterone, 238 f; thyrotrophic, 
235 f; thyroxin, 299 fl: vasopressin, 234 

Hormone imbalance, as an extreme need 
State, 403 

Hormones, 227 fl; and behavior, 239; in- 
fluence on cerebral metabolism, 30g: pi- 
tuitary, 234 ff; and sexual excitement, 
331 fE 

Hue, 196 

Hughlings Jackson’s Principle, 279 

Hunger, 321 f; specific, 323 

Hydrocephaly, cause of, 40 

Hyperhydrosis, 367 

Hyperthyroidism, 231 

Hypnosis, 105; nature of, 427 

Hypoglycemia, 302 f; and psychoses 412 

Hypothalamus, 43; and hunger, 322; and 
temperature regulation, 326; and thirst, 
321 

Hypothyroidism, 231 

Hysteria, 365, 431 


299: 


Imagination, nature of, 426 f 

Impairment, of response, 381; see 
Fatigue 

Individual differences in autonomic func- 
tion, 265 ff; in motor ability, 289 

Infant, emotional patterns in, 354 ff; see 
also Emotion 

Inhibition, 248 f; nature of, 421 f 

Instinctive behavior, 314 

Insulin, 238 f; effect on brain, 303 

Insulin shock, 232 

Integration, chemical, 227 fl; mechanisms 

of, 19 f: nervous, development of, 21 ff; 
of organism, 19 f; of sensory material by 
brain, 298 £ 

Intensity, Sensory, 72; 
senses 


also 


see also, specific 

Interaction, among pressures, 
103 

Ischemia, 106 

Isomorphism, 306 £ 


88 f; in pain, 


James-Lange theories of emotion, 341 


Kappa rhythm, EEG, go8 

Keller, Helen, 79 

Kinesiology, 285 

Kinesthesis, 78, 110 ff; adaptation, 114 f: 
after-effects, 115 f; and body image, lig f; 


> 
CNS connections, 112 in control of 


movement, 116 f: in control of posture, 
116 f; and depth perception, 119; extent 
in, 114; feedback in, 116 f; qualities, 
113; reaction time, 116; receptors, 110 f; 
and rhythm, 120; thresholds, 113; in 
tracking, 117; Weber's law in, 113 


Labyrinth, of inner ear, 120 f 

Lactogenic hormone, 235 

Landolt's broken ring, 213 f 

Language, defects and cortical damage, 
298 

Learning, and autonomic responses, 374 fl: 
CNS structures essential for, giof; of 
movements, 284; nature of, 426; neural 
changes involved in, 311 f 

Light, 194 ff 

Lobotomy, prefrontal, 298, 418 

Localization, of pain, 103; pressure, 87; of 
sound, 181 f; temperature senses, g4; for 
visceral pressure, 88 

Locomotion, evolution of, 50 fl; primitive, 
51 

Loudness, 156 f 


Machina speculatrix, 317 f 

Manic depressive psychosis, genetic factors, 
408 £ 

Masking, auditory, 173, 175 f; of speech, 
183 

Maternal behavior, 334 f 

Meissner's corpuscles, 81 

Membrane potential, neuron, 32 fl 

Mental deſiciency, and asphyxia, 412: 
Physiological factors in, 414 f 

Mental disorder, and aging, 414; brain in- 
juxies and, 406; and EEG, 413; toxic 
causes, 405 

Metabolism, 11; of cerebral cortex, go1 ff; 
cerebral, and enzymes, 412 f; cerebral, 
and psychoses, 411 f 

Micturition, drive, 328 

Midbrain, 43 

Mind-body problem, 360 f 

Minerals, and behavior, 390 

Mood, shifts of, 432 

Morphine, see Opium 

Motion sickness, 128 E 
129 f 

Motivation, 313 ff; defined, 313; models of, 
316 ff; releasers and sensitizers, 316; see 
also Drive 

Motor ability, factors, 289 

Motor areas, of cerebral cortex, 273 fl 

Motor functions, and cerebral cortex, 297 

Motor tracts, pyramidal and extrapyram- 
idal, 272 f 

Motor unit (striated muscles), 59 f 

Mountain sickr 400 f 

Movement. analysis of, in equipment de- 
sign, 289 f; ballistic, 286 f; central nerv- 


prevention of, 


ous structures involved, 272 ff; classifica- 
tion, 284 ff; controlled, 286 f; cost of, 
291 f; fixed, 286; individual differences, 
289; influence of innate neural connec- 
tions, 283 f; influence of learning, 284; 
kinesthesis in, 116: manner of initia- 
tion, 285 f; manner of termination, 
287 f; single and serial action, 288 f; sub- 
cortical structures involved in, 276 ff; 
voluntary, 285 f 

Muscle, action and chemical influences, 
425; cardiac, 52, 54 f; cells, metabolism, 
51: contraction — phasic, 61 — summa- 
tion in, Go f — tonic, 56 fl; extensor ver- 
sus flexor, 58; smooth, 52, 54 f; smooth, 
innervation of, 55; spindle, 110 f: 
striated, 52, 53 l. 56 ff; striated, innerva- 
tion of, 58 f: tension, 61 f; varieties de- 
fined, 52 

Muscles, representation in cerebral cortex, 
a7gf 

Muscular activity, in emotion, 351 fl 

Muscular tension, and emotion, 30g ff 

Muscular tension, and pain, 103 

Music, band-width and quality, 184 

Myelin sheath, 25 

Myxedema, 231 


Need, defined, 315; physiological, 319 ff; 
not resulting in drive, 324 f 

Neocortex, 293 fl: subdi 
thalamic connections, 296 

Neurilemma, 25 

Neuroglia, 299 

Neuromyal junction, 58 

Neuron, 21, 23 ff; and behavior, 37; growth 
of, 282 f; membrane potential, 32 fl: 
origin, 26; regeneration, 25 f: see also 
Nerve cells, Nerve fiber, Nerve impulse 

Neuropil, goo f 

Neurosis, 431 f; and tolerance of pain, 106 f 

Nerve, 24; problems of action of, 421; 
spinal, 82 

Nerve cells, drugs and, 424 

Nerve fiber, 24 f 

Nerve impulse, 26 ff; all-or-nothing law, 
go; chemical events, 29 f: dependence 
on glucose, 30; effect of parallel fibers 
on, 36f; local excitatory process, 30 $ 
oxygen requirements, 29 f; speed, 31 f; 
summation, 31; theories, of cortical dy- 
namics, 305 f 

Nerve impulses, patterns in cerebral ac- 
tivity, 305 f 

Nerve nets, 23; drugs and, 424 

Nerves, cranial, see Cranial nerves 

Nervous action, and chemicals, 424 f; pat- 
terns of, 422 ff 

Nervous integration, see Integration, nerv- 
ous 

Noise, defined, 155; masking by, 176 
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Noxious stimuli, 14 

Nuclear delay, 244 f 

Nystagmus, physiological, 217; rotational, 
124 f 


Occlusion, 245 f 

Oculogyral illusion, 127 

Olfaction, 142 ff; adaptation, 149; anosmia, 
147, 149 £; CNS connections, 144; cortical 
areas, 294, 297; experimental difficulties, 
144 f; odor classification, 146 f; qualities, 
146 f: receptors, 143f; stimulus, 145; 
theory of stimulation, 150; thresholds, 
147 f: Weber's law, 148 

Opium, 406; effects of, 397 

Organ, 9 

Organ of Corti, 171 

Overcompensation, parasympathetic, 267 ff 

Overtone, 156 

Overtones, from distortion, 172 

Oxidation, rates, of various cerebral tis- 
sues, 301 f 

Oxygen deficit, effect on brain, 303 f; see 
also Anoxia 

Oxytocin, 234 


Pacinian corpuscle, 112 

Pain, 79 f, 98 ff; adaptation, 102 f; bodily 
distribution, 100; causalgia, 104; CNS 
connections, 100f; cutaneous versus 
visceral, 99; drive, 330 f; and emotion, 
107, 345: evidence for pain as separate 
sense, Sof: as an extreme need state, 
403; factors that increase, 106; factors in 
reduction, 104 ff; headache, 103 f; inter- 
action, 103; ischemic, 106; localization, 
103; as a medical problem, 103 f; mus- 
cular, 113; and muscular relaxation, 
105 f: and muscular tension, 103; and 
prefrontal lobotomy, 107, 298; psycho- 
logical dimensions, 101 f; receptors for, 
100; referred, 106; sensation of versus re- 
action to, 106 f; stimulus, 99 f; thresh- 
olds, 101 f 

Papillae, gustatory, 135 

Paralysis, flaccid, 274; spastic, 279 

Paraplegia, 250 

Parasympathetic nervous system (PNS) , 
264 f 

Parasympathetic overcompensation, 267 fl 

Parathormone, 231 f 

Perception, and cerebral cortex, 298 f; 
depth and kinesthesis, 119; and sensa- 
tion, 65: of tactual form, go f; through 
temperature senses, 96 f 

Perimetry, in vision, 201 ff 

Peripheral fibers, autonomic, 259 fl 

Phase, of sound wave, 153 

Physiological psychology, see Psychology, 
physiological 

Physiological zero, 95 
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Physiology, comparative, usefulness of, 8; 
defined, 2 f 

Pitch, 156 f 

Placing response, 255 

Pleasantn nature of, 426 

Pleasure, 348; as a drive, 336 f; functional, 
348; perceptual, 348 

Pons, 43 

Postural reflexes, 

Posture, kinesthesi: 
lar sense, 125 

Prefrontal lobotomy, 298; and pain, 107 

Prefrontal topectomy, 298 

Premotor area, of cerebral cortex, 275 

Pressure (sense), 81 ff; adaptation, 86; 
after-sensations, 86 f: CNS connections, 
81 f; interaction, 88 f; localization, 87: 
Psychological dimensions 84; receptors 
for, 81; spots, 85 f: stimulus for, 81; 
tactual form perception, 89 f; thresholds, 

Progesterone, 237 

Projection areas 

Projection fiber: 

Prolactin, 235 

Proprioception, 109 ff; see also Kinesthesis 
and Vestibular sense 

Prosthesis, 290 

Protoplasm, general characteristi s gifs 
needs of, 12 

Psychogenic, definition, 361 

Psychology, applied experimental, 289 f: 
defined, 1 f; and homeostasi » 17 f; phys 
ological — contributions, 5 f — defined, 5 
origins, 6 f— problems in, 420 fl. 

Psychophysics, of vision, 197 fl; see also 
‘Threshold, specific sense 

Psychoses, 132: and cerebral metabolism, 
411 f; and disease, 406 fl: drugs as cau 
405 f; and endocrine turbances, 109 f; 
and enzymes in cerebral metabolism, 
412 f; functional, 116 ff; genetic factors, 
108 f; and hypoglycemia, 124; senile, 41 15 
416; spontaneous remi > and 
structural brain changes, 499; see also 
Mental disorder 

Psychosomatic disorders, 364 fl. 
ment, 377 

Psychosomatic 


in, 116 f; and vestibu- 


13 


ions, 417 f 


130; treat- 


363 fl 
Psychotherapy, 418: see also Thera 
Pyramidal tracts, 272 f 

Purkinje phenomenon, 201 


Py 


Quality, Sensory, 72; see also specific senses 

Rage, infantile, 351 

Reaction, overt, 9 

Reaction time, kinesthesis, 116 

Receptors, classification of, 66 f: 
of excitation of, 421; 
senses 


nature 
sce also specific 


Reciprocal innervation, 58 A 

Recording, electrical, of nervous activity, 
48 

Recruitment, auditory, 168, 178 

Reflex, breathing, 251 f; crossed extensor, 
248; defined, 241; extensor thrust, 247; 
flexion, 242 ff; hopping, 5; inhibitory, 


248f; long spinal, 249f; maintenance 
of blood pressure, 2: placing, 25 


righting, 255; scratch, 249 f; stretch, 
112, 118, 247; tonic labyrinthine, 125 


Reflexes, embryological origin, 282 f; 
in emotion, 349f; kinesthetic, 118 f; 


medullar, 250 ff; in para 


sympathetic ac- 
tivity, 265; 


postural, 254 ff, 281; role in 
movement, 281; spinal, 241 ff; visceral, 
250; vital, 250 ff; in walking, 248 

Refractory period, absolute, 28; relative, 

Relief, as emotion, 347 f 

Reproductive behavior, 334 É 

Reproductivity, 11 £ 

Reticular formation, and arousal, 385 f: 
and movement, 276 

Retina, color zones of, 201 ff; described, 
190 fl 

Reverberating circui 
back 

Rhythm, and kinesthes 

Righting response, 125 

Rods, contrasted to cones 

Rotation, effects of, if 


s, 244; see also Feed- 


120 


» 192, 206 fl 


t loss, and behavior, 402 

iation, 381 

ation, in vision, 196 

Schizophrenia, 4 nd ANS, 419 f: and 
cerebral metabolic rate, 02; descrip- 
tion, 416f; genetic factor 108 f; and 
hormone therapy, fo: number of 

cases, 404; physiological factors, 417 

Seasickness, see Motion sickness 

dative, 106 

Semicircular canals, 121 f 

Sensation, attributes, see Sensation, di- 
mensions; cortical arcas and, 296 f; CNS 
and, 77; dimensions, vi 
physical correlates of, 74; dimensions, 
physiological correlates of, 731: and 
perception, 65; place in psychology, 63 f; 
quality in. 426; visceral, cortical repre- 
sentation, 294: see also Threshold, We- 
ber's law, and the Specific senses 

Sense, sce specific senses, audition, vision, 
ete. 

Servomechanism, 259 f 

Sex, differences in behavior, 331 fF 

Sexual excitement, 


dimensions, 


ANS and, 333 f: char- 
acteristics of. 331 fl: drive, 331 Mf: as 
emotion, 347; hormonal influences 
331 ff; infantile, 354 


Shock, insulin, 232 

Shock therapy, 418 

ne wave, 153 

Sleep, 381 fl: physiological b 
rhythms, 384 

Smell, see Olfaction 

Smoking, effects of, 394 fl 

nellen chart, 213 

Sodium pump, in neuron, 33 

Somatopsychics, defined, 364 


Somesthes in, 296 f; 
functions, 78 l: see also Pain, Pressure, 
‘Temperature senses 


localization of, 181 f; 


Sound, complex, 167 
see also Audition 

Sound wave, 152 fE 

Spectrum, electromagnetic, 
194 f 

Speech, distortion and intelligibility, 183 f; 
frequency and intensity of sounds in, 
182 ff; masking of, 183 

Spike potential, 28 

Spinal cord, basic functions, 41; structure, 
got 

Spinal man, 250 

Spinal n s, 82 

Startle, in infants, 3. 

Startle pattern, 349 

Starvation, effects on behavior, 

tercognosis, go f 

Stimulus, adequate, 67 f; defined, 67; see 
also specific senses 

Stress, physiological 

Stretch reflex, 112 

Structure, vs. function, 3 f 

Summation, 36, 246 f 

Suppressor areas, subcortical, 276; cerebral 
cortex, 275 f 

Sympathetic nervous system (SNS), 261 fE 

Synapse, 3 ff, 421: in central nervous 
tem, goof; one-way conduction, 
theories of transmission, 35 K 

Synaptic delay, 35, 244 


195: visual, 


353 


Tabes dorsalis, 110 

‘Taste, see Gustation 

‘Taste-buds, 135 

‘Tectum, 43 

‘Temperature, environmental and drive, 
8325 fl 

Temperature regulation, 325 fE 

Temperature senses, 9! ff; adaptation, 
94 ff; after sen 96: CNS connec- 
tions, 93: localization. 94: paradoxical 
cold, 9g f: paradoxical warmth, gf: per- 
ception through, 96 f: psycholog cal di- 
mensions, 93 f; recepto 92 f; stimulus, 
gif; thresholds, 94 f; and Weber's law, 
94 

Tendon organ. 111 

Tension, muscular, as a drive, 337 f 


Index 471 

Testosterone, 238 f 

Tetanus, 6o 

Thalamic theor 

Thalamus, 43: and cerebral cortex, 296 

Therapy, organic, 418f; psychotherapy, 

hock, 418; and spontancous re- 

ons. 417 £ 

Therblig, 285 
hirst, 320 f 

Thoracico-lumbar system, see Sympathetic 

nervous system 

Thought, nature of, 426 f 

Threshold, absolute, 69 f: applications, 
71 f; difference, 70 f: of excitability of 
nerve fiber : factors in variability of, 
71f; in sensation, 69 fl: terminal, 70; 
see also specific senses 

Thyrotrophin, 235 f 

Thyroxin, 229 fE 

Tickle, 89 

Timbre, 156 f 

Tinnitus, 169, 180 

sue, 9 

Tobacco, behavioral effects of smoking, 
sort 

Tonal interaction, 172 fl 

Tone, pure, 155 

Toxic agents, in mental disorder, 405 

Tracking, and kinesthesis, 117 

Tropisms, 256 £ 


of emotion, 342 


and emotion, 367 f 
ss, problem of, 
santness, nature of, 4 


Ulce 


Vasopressin, 234 

Ventral root, 41; see also Spinal cord 

Vestibular sens 120 f: adaptation, 128; 
after-effects, 127 f: CNS connections, 123: 
and motion s 128 f: nystagmus 

12 f; and postur receptors, 120 f: 

S from, 124, stim- 

uli, 121 f; thresholds, 126 f 

Vibration, perception of, 89 f 

Vision, 190 ff; acuity, 212 ff; adaptation, 
206 ff; after-sensations, 208 fl; CNS con- 
nections, 194; color, tests of, 223 f; color 
solid, 196 f: contrast in, 210 ff; cortical 
areas in, 296: deficiencies in color, 222 fl: 
the eye, 190 fl: flicker, 218 f; perimet 
201 f; photopic, 200; psychological di- 
mensions, 196 f; psychophysics of, 197 fl: 
receptors for, 191 f; scotopii timu- 
lus for, 194 ff; temporal patterning in, 
217 ff; theories of color, 224 f; thres- 
holds, 200 f 

Vitamins, and behavior, 389 


Wakefulness, effects of. 384 f: physiological 
mechanism, 385 ff 
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Walking, reflexes in, 248 Work, decrement, 379 

Warm spots, 94 Work, physiological cost of, 291 f 
Warmth, see Temperature senses Wundt, W., 6 

Water balance, and behavior, 402 

Wave, sound, 152 ff Young-Helmholtz theory, 224 


Weber's law, 71; see also specific senses 
White matter, 25 Zwaardemaker, H., 146 
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Schema of the autonomic nervous system. Parasympathetic fibers appear in blue, and 
sympathetic fibers in red; with preganglionic fibers shown by solid lines, and postgangli- 
onic fibers by dashed lines. (Copyright The Ciba Collection of Medical Illustrations.) 


